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for body size, TS was divided by the subject's Body Mass



Index (BMI) and this ratio was termed Relative Strength
(RS). The RS of the 55-64 age group was approximately 72
per cent of the value recorded by the 25-34 age group.l This
difference was significant (p = .0000) and linear (p =
.0000). The means of the two older age groups were
significantly different from the two younger groups, but not
from each other. RPE for both the 25-34 and 35-44 age
groups was significantly greater (p = .0072) than the RPE
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(-.3139).

It was concluded that (1) RS was less for successlively
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strength tests was similar for all age groups.
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MUSCULAR STRENGTH OF ACTIVE

MEN:25 TO 64 YEARS OF AGE
INTRODUCTION

Due, primarily, to advances in medical science, life
expectancy since the turn of the century has increased from
48 to 78 years. As a result, people over 65 represent the
fastest growing segment of the United States population.

Health problems resulting from cardiovascular disease,
osteoporosis, diabetes, arthritis, cancer, etc. affect 86
percent of the population over 60 (Drummond, 1985).
Consequenfly, rather than enjoying this life extension, some
older adults are faced with the possibie loss of personal
independence, rising economic costs of prolonged health
care, and increased fear of the process of dying.

Gerontologists view this potential decline in the
"quality of life" with increasing age as a result of
physiological, sociologicéi, and psychological factors.
There is a growing group of health practitioners that
believe this decline may be delayed by lifestyle changes
that result in improvement of the functional ability of the
aging individual; that is, the ability to function
independently with respect to daily social and recreational
tasks 1s paramount to improving the quality of life. A

decline in muscular strength is one of the physiological



changes reported to occur with aging and results in a

decrease in the functional ability of the individual.

Need for the Study

Since 1842, a number of cross sectional studies have
reported a difference in muscular strength between age
groups (Milne & Maule, 1984). Generally, from 12 to 25
years of age, older age groups are stronger. After 25,
strength 1s less in consecutively older age groups (Ostrow,
1984).

Collectively, the studies on strength and aging may be
characterized by the following similarities:

1. Muscular strength was defined as the force
generated during a single maximum contraction of the muscle
group being tested.

2. The strength of one muscle group was measured and
results of this single test were applied to the whole body.

3. The subjects tested had a low level of occupational
and spare time activity.

4. strength was not adjusted for the subject's body
size.

S. Unfamilliar testing equipment, procedures, and
facilities were used.

6. Little, or no, time was allowed for pfactice.

Subject attitude and motivation are important factors



in physiological response to testing and/or trailning. This
area has not received much attention with respect to older
adults. In a review of previous investigations, primarily
involving inactive subjects, Ostrow (1984) concluded that
older adults tend to overestimate the strenuousness of
physical activity and thus, may overestimate the risks
assoclated with participating in physical activity. This
may be a negative factor in measuring a physical task.

To summarize, researchers have used testing methods
similar to those‘used for assessing the strength of
competitive weight lifters and/or athletes; that is, what 1is

the maximum weight a subject can 1ift one time.

Statement of the Problem

The purpose of this study was to measure muscular
strength and perceived exertion of active men, 25 to 64
years of age. Subsequently, four age groups (25-34, 35-44,
45-54, & 55-64) were compared in terms of strength and
perception of effort. Taking into account some of the
weaknesses of earlier investigations, this study has the
following characteristics:

1. An equal number of active men were selected from
each of the following age groups: 25-34, 35-44, 45-54, and
55-64.

2. Each subject completed a spare-time activity

survey.



3. Total body strength was calculated as the sum of
the weights lifted in six separate strength tests (3 upper
body & 3 lower body).

4. Total body strength was adjusted to take into
account each subject's height and weight.

S. Familiar surroundings, equipment, and procedures
were used.

6. EBach subject gave a rating of perceived exertion at

the completion of the strength tests.

Analysis of the Data

The following hypotheses were tested:

1. There will be no difference in total body strength,
when adjusted for height and weight, between age groups.

2. There will be no difference in the rating of
perceived exertion of the strength test between age groups.

In addition, assoclations between the dependent
variables (total body strength and rating of perceived
exertion) and the independent variables (age, helght,
weight, length of time strength training,'and frequency of

strength workouts) were examined.

Limitations of the Study

The effective measurement of any physiological variable
requifes the control of many factors. Ostrow (1984)

recommended that studies investigating the effects of aging



control for previous physical actlvity, health status, and
body size. This study attempted to control these varlables
as well as using a test protocol, equipment, and facilities
that weie familiar to all subjects. Consistency of test
administration was accomplished by the author performing all
orientation and data collecting procedures. However, in any
exercise-related experimental condition involving human
subjects, there are likely to be factors present that may
limit the interpretation of the collected data. 1In this
study, the following factors are considered as limitations:

1. Previous strength training experience. Six
exerclises comprised the strength test in this study. Each
exercise involved a different body movement. Proficiency in
performing any movement is skill related and skill is
improved through practice; thus, subjJects that were not
using the weight room or performing a particular exercise
may have had lower strength scores due to a lack of skill.
Since strength training has achieved popularity recently,
data for older subjects are more likely to be affected.

2. Type and intensity of primary aétlvity. Subjects
were required to be active to participate in this study, but
the type of activity was not speéifled. Runners may have
strong legs; swimmers strong upper bodies; racquetball
players overall body strength, ect. Strength scores may
have been affected by the type and intensity of activity.

3. Self motivation. Each individual has a personal



limit for the effort he will expend during a given physical
task. Motivation may be affected by individual goals,
health status, environmental conditions, prior experlences,
ect. During the first half of this century, strength
training received considerable negative publicity. Until
recently, becoming "musclebound” from lifting welghts was
believed to result in less flexibility and slowness. Blood
pressure may increase under certain conditions while lifting
welights, a concern for many older individuals. Thus,
strength scores may have been affected by motivational

factors.

Definitions

Repetitions (reps) - The number of times an exercise is

repeated using proper technique and without resting.

Repetition Maximum (RM) - The maximum weight that can
be lifted in order to complete a certalin number of

repetitions; 1-RM

the weight used to complete one

repetition; 10-RM the weight used to complete 10

repetitions.

Set - The completion of one exercise activity; that 1s, the

number of reps performed consecutively.

Strength - The weight used to complete one 10-RM set of an

exercise.



Total Body Strength (TBS) - The sum of the welights 1lifted in

the six 10-RM strength tests.

Body Mass Index (BMI) - The weight of the subject in
kilograms divided by the subject's height (in meters)

squared. BMI = WT/(HT X HT)

Relative Strength (RS) - The total weight 1lifted
per unit of body size. Total Body Strength divided by the

Body Mass Index (RS = TBS/BMI).

Isometric (iso = same; metric = measure) - A method of
strength training in which muscle tension occurs, but there
is no change in the position of the body segments lnvolved.
For example, to strengthen the muscles on the back of the
upper arms, you may place your palms on the top of a desk or
table and push down. No movement of your upper and lower

arms occurs, but muscle tension is developed.

Isotonic (iso = same; tonic = tonus) - A widely used form of
strength training for which the term, 1sotonic, is
misleading. By definition, isotonic means a constant amount
of muscle tension throughout the range of motion of an
exercise. Isotonic is used to describe exercises with

barbells (free weights) and calisthenics (body weight). In



exerclises using free welghts or body weight, the resistance

(barbell, body weight) is constant, but there is

considerable variation in muscle tension (tonus) throughout

the range of motion of the exercise.

Isokinetic (iso = same; kinetic = speed) - A relatively new
method of strength training in which the speed of movement
is held constant (electro-mechanically) throughout the range
of motion of the exercise, iegardless of the muscle tension
developed. This equipment differs from traditional |
equipment in that no weights are lifted, and it is expensive
with a basic unit costing $20-30,000. Cybex is the most
familiar brand name, although there are several other
manufacturers. Due to cost, isokinetic equipment is rarely
seen in strength training facilities, but is often used by

researchers for testing purposes.

Variable Resistance - In order to overcome weaknesses with
isometric, isotonic, and isokinetic training, machines have
been developed with cams, levers, hydraulic systems, and
other mechanical arrangements that provide a varlable
resistance throughout the range of motion of an exercise.
Nautilus and Universal are the most common brand names.
With variable resistance equipment, the resistance (weight)
that a muscle must overcome is automatically lncreased at
those points where the muscle is strongest, and

automatically decreased where the muscles are weakest.



REVIEW OF LITERATURE

Introduction

The literature on the subject of strength is
voluminous. This appears to be a consequence of the many
ways in which strength may be defined, developed, and
measured. This review will focus on the research related to
strength and aging, but will include a brief glimpse at the
history, definition, development, and measurement of

muscular strength.

A Brief Historical Review of Strength Tralning

The main principles of strength training have not
changed for centuries. Wall paintings, statues, and other
"artifacts indicate that strength training was practiced 4000
to 5000 years ago. The Greeks were the flrst to learn the
value of tralning to improve strength (Atha, 1981).

A Greek living in the sixth century, Milo of Crotona,
is often credited with inventing progressive resistance
exercise. Each day for four years, Mllo-reportedly lifted
and carrlied a growing calf the length of the stadium at
Olympia. As the calf grew, so did Milo's strength. Hlis
training method did not catch on with his contemporaries,
and it was 9ventua11y the Romans who began structured
strength tralning (stafford, 1978; Todd, 1986).

with the fall of the Roman Empire, the practice of
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Christian asceticism spread and strength'training
disappeared for almost 1000 years. Physical exercise was
associated with those individuals training for warfare;
however, during this period, the writings of the Greeks and
Romans preserved the records and explanations of strength
training.

In the sixteenth century there was a gradual increase
in physical activities and occasional notices of "feats of
strength™ began to reappear. By the nineteeth century,
physical education was.a formal part of European schooling
and gymnasiums for strength training and conditioning
existed that would rival modern facilities (Todd, 1986).

Beginning in 1896, weightlifting was included in the
Olympic games. Amateur lifting was gaining in popularity in
the United States, and received perhaps its greatest boost
when Alan Calvert founded the Milo Barbell Company in 1902.
Calvert offered courses and wrote several books in an
attempt to teach modern and productive methods of stréngth
training (stafford, 1978).

Regardless of the resurgence of lnterest in strength,
by World war II the principles of strength training that
existed were similar to those of the ancient Greeks; offer a
progressive degree of resistance and, when working with
heavy barbells, do not lift within 10 percent of maximum
(Atha, 1981).

Prior to World War II, most of the information about
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strength training appeared in literature which was often
commerclially slanted. "while the principles may have been
valid, the source of strength training information was
largely ignored by the medical profession and physical
educators. Following the war, a serles of medical
experiments were performed to evaluate the use of strength
training in rehabilitation. One of the experimenters, Dr.
Thomas L. DeLorme, became famous for his use of "progressive
resistance exercise" to improve strength. Consequently, the
results of these experiments revolutionized the thinking of
physicians and physical educators regarding the application
of strength training (Todd, 13986).

During the first half of this century, coaches and
physical educators believed that strength training would
make a person "musclebound*. Thus, individuals and athletes
were told to avoid weightlifting at all costs. 1In the eary
50's and 60's a few individuals and teams began to
experiment with strength training and demonstrated improved
performance. This recent beginning has led to the current
explosion of interest in strength training (Pearl & Moran,

1986).

The Definition of Strength

Researchers have been testing strength for more than
150 years, and it is only natural that a varlety of

speculations evolved in this period. Thus, a certain amount
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of confusion exists due to the lack of a precise definition
of strength (Hunsicker & Greey, 1958).

The word "strength"™ has at least 12 definitions in the
dictionary and many uses in the English language. Muscular
strength is best defined as the greatest amount of force
that muscles can produce in a single maximal effort (Lamb,
1978).

Strength ls the abllity of a muscle to produce force.
It is measured by the amount of weight one can lift in a
single repetition; for example, the most weight an
individual can bench press (Pearl & Moran, 1986).

The conduct and evaluation of muscle strength tests are
hampered by lack of standardization and by ambiguity in
terminology, experimental procedure, and statistical
treatment of the data (Kroemer & Howard, 1970). Kroemer and
Howard evaluated 50 randomly selected studies on human
strength (excluding studies on grip strength) that had been
published between 1935 and 1968. 1In reviewing these
reports, the authors concluded that only 5 out bf 50 clearly
stated how the subjects generated force and what lndex was
selected to represent the subject's performance.

Based on this review, their own experiments, and
discussions with other researchers, Kroemer and Howard
defined strength as the maximal force muscles can exert
isometrically in a single voluntary effort. Dynamic

performance measures such as weightlifting,_chinning, and
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the like were said to be measures of an individuals specific
work capacity or power, not of one's static strength.

In an extensive review of the strength literature, Atha
(1981) summarized the various definitions of strength that
have been proposed as follows:

1. Strenéth is the maximum display of contractile
power.

2. Muscular strength is the tension muscles can apply
in a single maximum contraction.

3. Strength is the maximum force that can be exerted
against an immovable resistance by a single contraction.

4. Strength is the maximum force muscles can exert
isometrically in a single voluntary effort.

5. There is no single definition of strength, but as
many definitions as there are conditions of measurement.

6. Muscular strength and muscular endurance are one
and the same.

Atha's review concluded by defining strength as the
ability to develop force against an unyielding resistance in
a single contraction of unrestricted duratlon.

Bosco and Gustafson (1983) acknowledged the general
confusion over the definition of strength and proposed that
strength be defined as the muscular force utilized in the
creation or prevention of movement. This definition implies
a dynamic and static measure of strength is possible. The

authors defined static (isometric) strength as the tension a
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single muscle or muscle group develops In a single maximumn

contraction against an immovable resistance. Dynamic

strength was defined as the maximum tension a single muscle
or groups of muscles can develop in a single maximum
contraction through the full range of motion of the part or
parts tested.

Kulig, Andrews, and Hay (1984) cited the definition of
strength by Atha (1981) as one of the best proposed;
however, they felt his deflinition was too restrictive to be
generally useful in the wide variety of present-day exerclse
environments. For the purpose of developing human strength
curves, they defined the strength of a muscle or homogenous
muscle group (i.e., a group of muscles that have neighboring-
attachment sites, share a functional role, and act
simultaneously) as the variable force that this contractile
entity exerts on the skeletal system at the attachment site
of interest.

Strength, as they defined it, was a variable quantity
that may change with time at any particular attachment site
and is not associated with one particular state of muscle
activity (e.g., rest, isometric contraction, ect.). Thus,
the authors concluded that there are as many ways for a
muscle group to exhibit strength as there are different

exercise environments.
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The Development of Muscular Strength

The theory of strength development is based on the
overload principle. This principle states that a muscle
gains strength by requiring it to exert forces that exceed
those that it normally exerts (Kulilg, Andréws, & Hay, 1984).
The factors that influence the development of strength may
be categorized as follows:

1. Population - Strength development will vary
according té the age, sex, and body type of the subject.

2. Psychological - Pertalins to the degree of subject
motivation.

3. Physiological - Muscle fiber type, cross sectional
area of the muscle, number of motor units involved, and
state of muscle fatigue influence strength development.

4. Geometric - Muscle attachment site, location of the
axls of rotation of the joint being worked, muscle's line of
pull, and the joint's range of motion.

5. Exercise conditions - Refers to the type of
muscular contraction (isometric, isotonic, eccentric,
concentric, ect.), speed of contractlon,'number of involved
joints, direction of gravity force relative to the body's
orientation, and the many types of external conditlons

(temperature, personnel, ect.) that may be present.

From the preceeding, it appears that there may be as

many conditions for developing strength as there are
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individuals. The most important property of the
strengthening stimulus remains the intensity of the loading
on the muscle. The general properties of this stress have
been known for at least 2000 years, but the detalls still
remain obscure (Atha, 1981).

Strength development takes three common forms:
isotonic, 1sometric, and isokinetlic training. Regardless of
the chosen method, Riley (1978) summarizes the seven
varlablés of a strength training program along with his
récommendatlbns as follows:

1. Number of repetitions - (between 8 and 12)

2. How much weight - (an amount that causes the
subject to reach muscular fatigue (failure) somewhere
between 8 and 12 reps)

3. How many sets - (one, properly performed)

4. How much rest between exercises - (move from
exerclise to exercise wlthout rest)

5. Number of workouts per week - (3, every other day)

6. Order of exrcises - (exercise large muscles first)

7. vhat exercises should be done - (one for each major

muscle group, not to exceed 13-14 per wofkout)

Strength Development in Older Subjects, Due to the

decrease of strength and atrophy of muscle observed 1in the
aging process, a number of studies have examined the degree

of strength development possible in older subjects (deVries,
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1970; Liemohn, 1975; Moritani & devries, 1980; Perkins &
Kaiser, 1962).

The subjects in these studies ranged in age from 42 to
84 years. Protocols for strength development and
measurement varied with the study, but all employed some
combination of the preceeding principles of strength
training. Strength increased in every cése and the general
conclusion is that strength may be developed in older
subjects, although perhaps not as great as in the young.

Several studies used isometric exercise as a form of
training and all used isometric testing procedures. The use
of lsometrics (tensing one body of muscles agalnst another)
with older individuals has been criticized due to the
associated increase in systolic blood pressure ("Exercise
Programs...", 1984; Shephard, 1984). The rise of blood
pressure is a legitimate concern, but the danger is minimal
1f contractions are held for less than 10 seconds (Shephard,
1984). The longest isometric contraction time in any of the

investigations cited in this review was six seconds.

The Measurement of Strength

Although man has engaged in‘feats of strength for
several thousand years, the first sclentific study to
measure human strength occurred in 1699. A French
scientist, De La Hire, actually compared the strength of men

1ifting weights and carrying burdens with that of horses
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(Hunslcker & Donnelly, 1955).

Measurements of strength have many uses. Physical
educators use strength measurements as classifying devices.
Medical workers use strength measurements as indicators of
the rate of recovery from debilitating conditions. Strength
tests have been used as an aid or requirement for numerous
vocations (Hunsicker & Greey, 1958).

The evaluation of muscular strength is important for
three principal reasons. First, tests of physical fitness
are necessary to éssess the need for a given type of
training program. Second, tests results may be used to
evaluate and revise a given training program. Third,
regular testing and retesting provides motivation and
establishes the effectiveness or inadequacy of a training
program (Lamb, 1978). Estimates of strength can be obtained

with isometric, 1isotonic or isokinetic contractions.

Isometric Measurement. In isometric tests, strength is

measured as the peak force or torque devéloped during a
maximal voluntary contraction (devVries, 1966; Sale & Norman,
1982). Of all the methods for measuring lsometric strength,
probably the mﬁst widely used is the cable tension testing
method of Clarke. Figure 1 illustrates the cable
tensiometer and shows the application of this method in

testing elbow flexion strength.
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Figure 1. (a) Cable tensiometer - Tension on the cable
depresses the riser and the force of muscle contraction
is indicated by the pointer. (b) A subject positioned

for the measurement of elbow flexion (de Vries, 1966).
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In lsometric testing, the subjlect 1s placed in the
correct position for the joint movement to be tested and
pulls with a maximal effort on a light cable. Cable tension
is taken as the highest reading on the dial of the
tensiometer. The cable tensiometer tests are probably the
most reliable static strength tests in common use (Bosco &

Gustafson, 1983).

Isotonic Measurement. Isotonic strength is usually measured

as the maximal weight that can be lifted correctly once in a
given movement. This weight is known as the 1-RM (one
repetition maximum). The maximal welght that could be
lifted correctly three consecutive times without significant
rest would be known as the 3-RM (Lamb, 1978). The apparatus
used for isotonic tests may consist of free weights
(barbells and dumbbells) or weight lifting machines (elther
off the shelf machines or those specially constructed for
testing). Calisthenics are a form of weight 1lifting. A
test involving calisthenics (pushups, chinups, ect.) usually
consists of counting the number of repetltlons that are
performed (Sale & Norman, 1982). |

Berger (1962b), in one of his many articles on strength
development, describes the 1-RM for the bench press as
follows:

The bench press lift was performed with the subject

supine on a bench. A barbell was placed on the chest

!
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with the hands grasping the bar shoulder width apart,
palms facing upward. The bar was ralsed vertically
until the arms were fully extended. The 1-RM was
determined by increasing the load by 10 pounds after
each successful 1ift until the load became difficult to
raise. Then the load was increased 5 pounds until the

maximum 1-RM was obtained. Subjects rested two to

three minutes between attempts.

Isokinetic Measurement. In recent years, the measurement of

muscle force under conditions of constant velocity
(isokinetically) have become popular. This popularity is
due, in part, to the abllity of isokinetic dynamometers to
provide information about dynamic muscular contractions.
When velocity is not controlled during strength
measurements, the changing mechanical advantage of the limb-
lever system alters the force applied to the muscles through
the range of motion. What is usually measured is the
resistance weight and the completed number of repetitions
(Osternig, 1986). |

Isokinetic exercise is a new dimension in the field of
resistive exercise and muscle evaluation. It is made
possible by an electro-mechanical device which keeps limb
motion at a constant predetermined velocity. Thus,
increased muscular output produces increased resistance

rather than increased acceleration, as would occur in a
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gravity-loaded system (free weights, callsthenics) of
resistive exercise (Moffroid et al.,vl969).

The speed of isokinetic exercise is expressed as
angqular degrees per second. The speed may vary from 0 to
360 degrees per second. Isometric exercises may be
performed on isokinetic dynamometers by setting the speed at
0 degrees per second. Once a velocity has been selected, 1t
remains constant despite any variation in magnitude of the
torque (force times distance from the joint axis).
Isokinetic dynamometers may be equipped with lnstrumentation
to display and/or record the torque of the muscle group
being measured. Only several manufacturers make these
devices and they are quite expensive (Lamb, 1978; Sale &
Norman, 1982). Figure 2 shows a subjlect positioned for
performing knee extension and flexion on an isokinetic

dynamometer.

Specificity of Muscular Tests., One of the early indications

that strength training was very specific was reported by
Rasch and Morehouse (1957). Subjects trained elbow flexion
in a standing position. After six weeks-of training, elbow
flexion strength had increased considerably in the standing
position. Measurements before and after training in an
unfamiliar position (supine) revealed only a slight increase
in strength. The authors concluded that higher scores in a

strength test may be the result of the acquisition of skill.
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Figure 2. Measurement of knee flexion and extension

strength using an isokinetic dynamometer. The force of

contraction is recorded by the instrument to the far left

(Lumex Inc., 1986).
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Sale and MacDougall (1981) trained the triceps of
subjects with a number of weight training exercises. Weight
lifting strength and arm girth increased considerably;
however, elbow extension strength measuresd on an isokinetlc
dynamometer did not increase significantly. In a second
experiment, subjects performed the same weight training
exerclises and also practiced on the isokinetic dynamometer
three times per week. After a similar perlod of training,
improvements paralled those of the first test, but the
isokinetic strength was also substantially improved. The
authors concluded that strength testing was specific to the
mode of training.

Many studies have been published to demonstrate
specificity. As a result; a number of professionals have
called for testing to be specific to the individual's |
training program. de Vries (1966) states that the result of
isotonic programs should be measured isotonically, and the
results of lsometric programs should be measured
tsometrically. Riley (1978) emphasizes that the main
concern of strength testing should be to evaluate the
progress of each individual; use the samé methods to test
individuals as to train them. The testing for 1-RM lis
unreliable and increases the incidence of injury.

Kontor (1984) discussed the trend 1ln athletic
conditioning to use the 1-RM as a measure of athletic

ability. There is no scientific evidence indlcating a
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correlation between the abllity to lift mamximum welght and
the development of athletic ability. We should be training
athletes to become better athletes less prone to injury, and

not better welghtlifters.

Variabillity of Testing Methods. Hunsicker and Greey (1958),
after reviewing 89 strength studies, concluded that there lis

a difference between static and dynamic strength and the
relationship between the two is not high. 1Ikal and
Steinhaus (1961) measured maximum isometric effort of right
forearm flexors with subjects exposed to a variety of
psychologically induced conditions (shouting, firing a gun,
hypnosis, alcohol consumption, injection of adrenaline, and
taking amphetamines). Strength changes ranging from +26.5%
to -31% were observed. According to the authors, their
results supported the thesis that in every voluntarily
executed, all-out maximal effort, psychologic rather than
physlologic factors determine the limits of performance.

In a review of 50 published studies on strength,
Kroemer and Howard (1970) concluded that the outcome of
strength tests 1s affected signlflcantly'by the "technique
of force generation" and statistical treatment of the raw
data; that 1s, the selection of the index representing the
subject's performance. The authors proposed that strength
be measured 1lsometrically and prepared a checklist to help

report and control important experimental variables such as
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anthropometric data, body posture of the subjects, method of
strength exertion, motivational aspects, ect.

Astrand and Rodahl (1977) cite a number of factors
affecting the measurement of strength and conclude that even
with correction for body size, age, and sex, large
individual differences in muscle strength are observed, and
a standard deviation from a mean value of +/- 15 to 20
percent must be accepted as a normal finding.

Atha (1981) summarized the results of isometric,
isotonic, and isokinetic exerclises aé follows:

There is suprisingly little to choose between these

methods, for all three are about equally effective.

Differences between methods appear to be swamped by

differences within them, for the training effects

produced are dominated by the chosen reglimen.

The Research Consortium of the Amerlcan Alliance for
Health, Physical Education, Recreation and Dance ("The Value
of," 1985) issued the following position statement:

Based on an extensive evaluation of the literature

concerning the effecté of strength fraining on

physical performance, there are no significant
differences in tralning effects among various modes of
concentric strength training where the loads are
provided by free weights, body weight, isokinetic

devices, and varlable resistance machines.
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Strength and Body Size

The two most common ways of expressing the results of
strength measurements are absolutely and in relation tolbody
mass. Thus, an individual with a mass of 75 kg (165 lbs)
might have an absolute strength of 375 lb as a result of one
or more strength movements; his strength/mass ratio would be
5 1b/kg. The interpretation of strength test results should
take into consideration several individual characteristics
including body size - (Sale & Norman, 1982).

Hunsicker and Greey (1958) in a review of studies on
strength measurement and body bulld concluded that body type
is related to strength and those possessing a high
mgsomorphic component have the greatest amount of strength.
Astrand and Rodahl (1977) suggest that a difference in body
dimensions must necessarily be considered when evaluating
the variation in strength with sex and age.

Keeney (1955) reviewed several previous strength
studies and concluded that a strength/body weight ratio was
assocliated with metabolic rate, thinness; and highly
correlated with motor fitness. To 1nvesfigate this ratio
further, Keeney used the total strength and body weight of
subjects in two groups; 7 world champlion weightlifters and
114 competitors in the 1952 Olympic Welghtlifting
Championships.

The welightlifters competed in seven body welght
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categorlies ranging from less than 123 pounds to more than
199 pounds. Total strength was the sum of the weight lifted
overhead in three 1lifts (2 hands clean and Jerk, 2 hands
military press, and 2 hands snatch). The total strength of

each lifter was divided by the upper limit of his weight
class (e.g., 615 (strength) divided by 123 (1lbs) x 100 = %

of body weight 1ifted).

Keeney found that contestants in lighter weight classes
were stronger for their size with a linear relationship
among the five classes within the 132 to 198 pound range.
There was a drop off in linearity with the group at each
extreme. Keeney suggested the strength/body welght ratio
may be a concept of considerable significance in fitness
testing and recommended more research in the area of non-

competitive subjects,

Validity of Multiple Strength Tests

Astrand and Rodahl (1977) cite several studies to
support the conclusion that general muscle strength should
not be evaluated from the measurement of one single muscle
group, but from a battery of selected well-standardized
muscle tests. de Vries (1966) agrees and writes that the
relationships of strength among the various muscles of any
1nd1v1dualvare not perfect, but there is a high degree of
generality. Thus, strength tests that use the strength of

several muscle groups can estimate the general strength
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quite accurately.

Wendler (1935) reviewed previous studies which
validated total strength as a measure of general physical
condition and potential athletic ability. These studies
failed to indicate which muscle groups were most rellable
~ for predictive purposes; therefore, Wendler designed a study
to determine the muscle groups most valuable for predlcting
total strength in men and women.

wendler measured the strength of 47 muscle groups in a
sample of 474 men and women. Total strength of each subject
was the sum of the 47 measurements. Regression analysis
resulted in the selection of four muscle groups (hamstrings,
quadriceps, deltolds, and pectoralis major) as predictors of
total strength in men. This battery had a correlation of
.933 with total strength. A similar battery was selected
for women.

Berger (1963a) used 174 male college students to test
the 1-RM of seven muscle groups. Total strength of each
student was the sum of all 1ifts. Berger selected the
exercise (mllitary press) that correlated the highest with
total strength as a device to separate the students into
small groups of comparable total strength.

Jones (1978) does not recommend testing one muscle in
isolation. He states that for valid results, a strength
test should involve a variety of exerclses; at least 8 basic

~ exercises covering all the major muscular structures. Riley
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(1978) employs the same methods in testing as in tralning,
and warns that when a coach uses different methods to train
and test, he can expect problems. Bosco and Gustafson
(1983) do not believe the evaluation of total body strength

requires the testing of a large number of muscle groups. 1In

their opinion, sufficlent research exists to demonstrate
that a small number of properly selected strength tests will

reflect total muscular strength.

Strength and Aging

Tests of strength have been given to subjects of all
ages and under a varlety of conditions. The result is a
mass of information. Reviews of the literature have
concluded that strength is greater in successively older age
groups until age 30. No differences in strength occur for
about 10 years, then strength is less in consecutively older
age groups. By age 60, strength is about 80 per cent of the
value at age 30 (Astrand, 1968; Hunsicker & Greey, 1958;
Ostrow, 1984; Shephard, 1984). |

Ostrow states thét compared'to othef measures of
physical fitnéss, strength 1ls retained longer. Some studles.
indicate strength is greater in the legs, but this finding
is controversial. Ostrow concludes that previous physical
activity, health status, variations in body dimenslons, and
other factors need to be controlled if aging effects are to

be interpretable. !
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The following studies on the relation between strength
and aging, with one exception, are all cross sectional
designs. No studies were found in which strength was
measured isotonically (1-RM) or by use of varliable
resistance equipment. The preferred method of strength
measurement is isometric and/or isokinetic.

Fisher and Birren (1947) reported the maximum grip
strength of the dominant‘hand for 552 male industrial
workers, 18 to 60 years of age. The test procedure required
the subject to squeeze a hand dynamometer at three second
intervals, beginning with a squeeze of 27 kg. The force
exerted was increased by an increment of 3 kg with each
attempt until the subject was unable to achieve the
required fhcrease in strength.

Their results indicated maximum strength (56.05 kg)
occurred in the middle twentles. At age 60, the average
grip strength (46.8 kg) was about 83 per cent of the younger
subjects' strength. The authors graphically compared their
results with data gathered by a number of researchers in the
preceeding 100 years. The authors conciuded that their
data, indicating a difference in strength between age
groups, were in agreement with others, and the occupational
activity of their subjects had little bearing on the
results.

Burke, Tuttle, Thompson, Janney, and Webér (1953)

measured the grip strength of 311 normal males from 12 to 79
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years of age. Using a speclially designed hand dynamometer,
each subject sat with his dominant arm resting on a table
and squeezed the dynamometer with a maximum effort and
continuéd to squeeze for a period of one minute. No mention
was made if practice or more than one trial was allowed.

Strength was greater for each age group until age 25,
then strength was less for each successively older age
group. Grip strength at age 60 was 80 percent of the value
at age 25. Grip strength for the 75 to 79 age group was
similar to that of the 12 to 15 age group (about 58 percent
of the maximum value at age 25).

Asmussen and Heeboll-Nielsen (1962) acknowledged the
difference in strength between age groups reported by
others, but noted that the age at which strength was less
than the preceeding value was dlifferent for different muscle
groups. Subsequently, they measured isometric muscle
strength of 25 different muscle groups in a sample of 360
men and 250 women, aged 15 to 60 years. The subjects were
described as randomly chosen, clinically sound persons.
Using a strain gauge dynamometer, all measurements were made
from standard, easily reproducible positions. The best of
several attempts was taken to represent maximum strength.

The overall results for mén were similar to previous
reports. Women, on the average, had about 65 percent the
strength of men. The authors attributed this difference to

the smaller body size of women and made a correction in the
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strength measurements for the subject's height and muscle

cross sectlonal area. This changed the strength of women to

about 77 percent of that for men. They suggested this
represented the true sex difference in strength.

when different muscle groups were examined, the authors
discovered that maximum strength occurred at different ages.
The hands and upper extremitlies reached maximum strength at
about age 20. No differences between age groups were seen
until 40, then strength was less in older age groups. For
trunk and leg muscles, maximum strength occurred at about
age 30, but was less in consecutively older age groups. By
age 50, lower body strength was less than that of the arms.
The authors were not sure of the reason for this difference,
but speculated that the decrease in leg use for running and
jumping versus continued use of the hands and arms in the
daily life of older subjects was a reasonable explanation.

In a longitudinal study, Clement (1974) initlally
measured.the grip strength of 2033 healthy males and females
ranging wldely in age and socioeconomic levels. Grip
strength was measured according to the method of Fisher and
Birren (1947) described previously. Five years later, 369
men and 162 women were retested and 10 years later, 109 men
and 55 women were seen a third time. A few subjects were
tested 15 years subsequent to the flrst test. Subjects
ranged in age from 16 to 96 years.

The results of the initial cross sectional measurements
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were similar to those previously reported. The author used
these initial measurements to calculate the estimated
strength loss that would occur when subjects of a particular
age were remeasured 5 and 10 years later. These estimates
were compared to the strength measurements actually recorded
in the subsequent 5 and 10 year retests.

Clement found that the decrease in strength that
occurred longitudinally was much greater than what was
expected from cross sectional data. Between the ages of 30
and 80, longlitudinal data revealed a 60 per cent loss in
strength after five years. From the cross sectional data,
it was estimated to be only 40 percent. Clement attributed
this finding to the likelihood that in cross sectional
studies, the survivors at any age are more likely to be the
stronger. He concluded that the under estimation of
strength loss with age in cross sectional studies is due to
natural selection which favors stronger individuals in
elderly cohorts. Clement did not discuss results of the 10
and 15 year measurements.

Montoye and Lamphiear (1977) measured grip and arm
strength of all persons (N=6,508) between the ages of 10 and
69 in a total community, Tecumseh, Michigan. Since the
number of subjects represented almost everyone (82 percent)
in the community without medical contraindications, the
authors suggest their data more nearly represents the

strength of healthy males and females than the findings of
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previous researchers.

Each subject's strength index resulted from the sum of
isometric grip strength of each arm and the isometric
strength of the flexors (biceps) of the upper arms. The
strength index was divided by the subject's body weight. A
difference in strength between age groups occurred which was
similar to previous results; however, when body weight was
considered, the difference in strength per unit of body
weight in older age groups was greater than the difference
in absolute strength of the same age groups. This finding
was attributed to a gain in welght, particularly fat, of
older subijects.

Petrofsky and Lind (1975a) measured the isometric grip
strenght of 100, healthy industrial workers, 23 to 62 years
of age. The test involved each man exerting two brief
(about 2 sec) maximal voluntary contractions on a portable
hand dynamometer. The authors state that every effort was
made to éxhort each subject to do his best, but no
description of the tester's actions is given.

Although there was some variation in strength in each
age group, no difference in strength was seen between age
groups. The authors contend this resulted from the
occupational homogenity of the subjects.

Petrofsky and Lind (1975b) repeated the previous study
with a group of 83 female volunteers from a variety of

occupations. The women ranged in age from 19 to 65. A
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difference 1n strength of about 20 percent occurred between
the youngest and oldest age groups; consistent with previous
studles. The authors attributed the difference in strength

between age groups to less physically demanding occupatlons,

menopause, and sex hormones, but recommended further
research.

Larsson and Karlsson (1978) measured maximum isometric
quadriceps strength of 50 healthy men, 22lto 65 years of
age, with low daily physical activity levels (clerks).
Results confirmed earller reports, but the authors commented
on the results of the preceeding study (no difference in
strength between age groups). Larsson and Karlsson stated
that 1f the strength measurements by Petrofsky and Lind were
adjusted for the increase in weight of older subjects, a
difference in strength between age groups would occur.

Cuddigan (1973) using a speclially designed "stress
cane", measured maximum isometric strength of the quadriceps
in 100 normal subjects from 20 to 70 years of age. His
purpose was to develop norms for comparison with subjects
undergoing rehablilitation, so the topic of strength across
age was not discussed. Cuddigan divided indlividual strength
by body welght, and stated that this corrected measure of
strength enables a comparison of strength to be made between
people of different body size.

Larséon, Grimby, and Karlsson (1379) studied age

differences for maximum isometric and dynamic strength of
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114 healthy males, 11 to 70 years of age. Volunteers were

chosen on the basis of a low level of physical activity as

indicated by Salfin and Grimby's (1968) classification of
occupational and spare time activity. Strength of the left
quadriceps was measured using an isokinetic dynamometer
(Cybex II, Lumex, New York).

The subjects were positioned in an experimental chair
at a hip angle of 90 degrees and the axls of the knee joint
aligned with the dynamometers axis of rotation. Strength
measurements were made at knee angles of 30, 60, and 90
degrees. In addition, dynamic strength was measured at
angular velocities of 30, 60, 120, and 18C degrees per
second. Two attempts were made at each angle and velocity,
and the highest value noted. To eliminate differences in
body dimensions, strength measurements were presented per
kilogram of body weight.

Isometric and dynamic strength values were greater for
each successive age group into the twenties; no differences
occurred until the forties, then strength was less in
consecutively older age groups. A similar relation between
strength and age was found when strength was corrected for
body welght. 1Isometric strength was greater than dynamic
strength for all age groups. No measurable external atrophy
of the quadriceps muscle, which could have explalned the
difference in strength between age groups, could be seen in

the older subjects. The authors dliscussed a number of
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possible alternative'internal mechanisms responsible for the
strength differences.

Murray, Gardner, Mollinger, and Sepic (1980) dlvided
72 normal, healthy men (20 to 86 years in age) into three
groups and measured maximum isometric and isokinetic
contractions of the right kneebflexors (hamstrings) and
extensors (quadriceps). Measurements were made on a
modified Cybex II dynamometer with the subjects sitting and
leaning against a backrest inclined 15 degrees from the
vertical. Measurements were made at knee angles of 30, 45,
and 60 degrees. Isokinetic contractions were done at a
speed of 36 degrees per second. All measurements were
corrected to account for the effect of gravity on the leg-
foot segment. The authors stated that 1f gravity was
accounted for, no adjustment is necesary for cuff placement,
body size, or effect of shoes.

Maximum isometric values were greater than isokinetic
values for all knee angles and age groups. The strength of
the oldest group averaged 55 to 65 percent of that for the
youngest group for both types of contractions. The authors
cited the amount of time necessary for muscle cross bridge
formation as possibly being the mechanism responsible for
the difference in strength between the two types of
contractions. The authors repeated this study (Murray et
al., 1985) with female subjects and reported similar

findings, though the women had less strength.
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"Strength of Non-sedentary Subjects. The preceeding studies

have one thing in common; healthy, normal subjects with a

low level of activity were tested. Only a couple of studies
were found in which data were collected on more active
individuals. Asmussen, Fruensgaard, and Norgaard (1975)
administered a physiological test battery to former physical
education students three times over a period of 40 years.
Hand grip strength was one of the measurements.

The subjects, as students, were first tested in 1930-
1935. Of the original group, 19 males and 6 females, were
retested in 1959 and again in 1971. Testing occurred at
about age 20, 50, and 60 respectively. In 1959, most of the
subjects were active physical education teachers. By 1971,
only a few were actlively teaching physical education, but
most remained active in the physical sense. 1In addition to
a complete battery of cardiorespiratory tests, hand grip
strength was measured several times on both hands by means
of a Collin hand dynamometer. The mean of the three best
attempts for the stronger hand was reported.

There was a steady decline in strength for both men and
women. The strength for men at age 60 was about 73 percent
of that at age 20; for women, about 63 percent. The authors
noted that due to the difference in body size of individuals

born at different times, cross sectional studies may over-



40

enmphasize the effect of growing older. Their data seemed to
show that this error is slight.

Dummer, Clarke, Vaccaro, Velden, Goldfarb, and Sockler
(1985) designed a cross sectionél study to examine age
related strength differences among 73 female master
swimmers, age 24 to 71 years. The authors cited the paucity
of data avallable on the physical fltness characteristics of
adults who do maintain an active lifestyle.

Grip strength of both arms was assessed using a.
Lafayette Instruments dynamometer. Wwhile standing, the
subjects held the dynamometer at the side of the body, and
were instructed to squeeze the dynamometer with as much
force as possible. Flexion and extension strength of the
shoulder and knee were measured using a Cybex II isoklinetic
dynamometer. Once positioned, each subject gave 5
continuous flexlon-extension sequences through a full range
of movement at maximal effort. The speed of the Cybex was
set at 180 degress per second for shoulder measurements.
Tests on the knee were done at speeds of 30 and 180 degrees
per second.

Resultstindicated a difference in strength between age
groups similar to that reported for less active subjects;
however the strength of the swimmers was greater at all
ages. For example, grip strength of subjects 60 years and
older was equivalent to that of less active females in their

twenties. Correlations for weight, height, or lean body
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mass with any strength measurement were not substantlal. An
aspect of interest, noted by the authors, was the ability of
all subjects to give maximal effort and to complete all the
tests through a full range of motion.

Dummer et al. concluded that activity helps adults to
maintain high levels of muscular strength, but does not halt
the age related loss of muscular strength. Additional
research confirming the benefits of an active lifestyle wefe

recommended.

Strength of Older Cohorts. The measurement of strength from

younger to older age groups, has been documented by many
researchers. A number of investigators have examined the
relation between strength and age among cohorts 60 years and
older (Amiansson, Grimby, Hedberg, Rundgren, & Sperling,
1978; Aniansson, Sperling, Rundgren, & Lehnberg, 1983;
MacLennan, Hall, Timothy, & Robinson, 1980; Milne & Maule,
1984; Pearson, Bassey, & Bendall, 1985).

In these studies, subjects were those medically able to
be tested and the level of activity generally referred to an
individual as being functional. The favored test was an
isometric measurement with equipment and protocol as varlied
as the populations studied. Results of these investigations
revealed less strength in successively older age groups with
the more active subjects maintaining a higher degree of

strength longer.
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Rating of Perceived Exertion

During recent decades, researchers have become more
interested in how people feel, what aches and pains they
have, and how difficult they perceive théir work to be.

Most sclentists and practitioners in the health sciences
agree that it is important to understand subjective symptoms
and how they relate to objective findings. Medical
assistance 1s most frequently sought by patients who have
noted a severe decrease of their physical working capaclty
and a subsequent subjective strain. Perceived exertion lis
the single best indicator of the degree of physical strain
(Borg, 1982).

The Swedish psychologist, Gunnar Borg, introduced his
perceptual scale to American scientists in 1967 and 1968.

It has been used primarily by researchers trained in
exercise physiology who are concerned with the physiological
basis of exercise perceptions. This requires a basic
knowledge of psychophysics as well as a deep understanding
of physiology (Noble, 1982). |

The overall perception of exertion auring physical
exerclse represents an individual's integration of varlous
physiological sensations. It has been suggested that major
sensory cues arise from feelings of strain in the exercising
muscles and joints and from feelings involving the
cardiopulmonary system. 1In addition, certain psychometric

varlables which result in alterations of emotional state may
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affect the overall cognlitive processing of sensory
information in the perception of effort during physical
exercise. The exact manner in which these sensory cues are
monitored and integrated in determining the perception of
effort is not understood (Pandolf, 1983).

The Borg category scale (see Appendix A) for
determining rated perceived exertion during exercise was
developed to increase the linearity between perceptual
-ratings, heart rate, and exercise intensity. It ls a 15
point scale, numbered from 6 to 20, with every odd number
anchored by a verbal expression such as "very, very light"
at 7 and "very, very hard" at 19.

Ostrow (1984) reviewed a number of studies on activity
and aging, and reported that older adults tended to
overestimate the strenuousness of physical actlivity. When
relative training workloads were equated, older adults
perceived that they were working harder than younger
subjects. These studies involved tasks which stressed the
cardiorespiratory system (treadmill walking/running,
stationary cycling) and as the workload increased, so did
heart rate and perception of effort. Ostrow recommended
more research in this area with older subjects.’

The research on perception of effort in the elderly is
scarce. The following investigation 1s representatlve of
the studies reviewed by Ostrow. Sidney and Shephard (1977)

obtained ratings of perceived exertion during progressive
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bicycle ergometer and treadmill exercise from 26 men and 30
women, aged 60 to 70 years. Subjects were retired or
engaged in sedentary employment and all had passed a medical
examination and an exercise stress test.

During the last minute of exercise, subjects were shown
Borg's scale of perceived exertion and indicated their
perception of effort. The older group had a perception of
efforf two or three units above that of younger subjects for
the same workload. Subsequently, 23 subjects were placed in
a 34 week physical training protocol designed to elicit
minimal pulse rates of 120 beats per minute. Tests were
repeated after training. An unexpected result was a slight
increase in rating of perceived effort although the subjects
improved on all physiological measures. The authors were
unable to explain this finding, but suggested possible
psychological factors as the cause.

One study was found in which perception of effort was
related to a strength training regimen. Hurley et al.,
(1984) studied 13 healthy, untrained males (age 40-55) to
determine the effect§ of a 15 week high intensity, variable
resistance, Nautilus strength training program on
cardiovascular function. A control group of 10 males (age
40-64) underwent the same evaluation procedures as the
training group.

After 10 weeks in the tralining program, physiological

responses to a single Nautilus exercise workout were stu?ied
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in 10 subjects. During the workout, the subjects performed
one set of between 8 and 12 repetitions for each of 14
exercises. The subjects moved from exercise to exercise as
fast as possible. A rating of perceived exertion was
obtained from each subject immediately after the last
exercise.

The mean value of perceived exertion for the Nautilus
workout was 18. Treadmill walking at 4 miles per hour
resulted in a mean perception of effort of 8. The
information gathered regarding the rating of perceived
exertion was reported, but not discussed by the authors.
Their discussion centered around the cardiorespiratory

responses to the strength training regimen.

Summary

Previous cross sectional strength studies, utilizing
inactive subjects, are rather consistent with regard to the
relation between strength and aging. Strenéth is greater in
successively older age groups into the mid-twenties. No
difference between age groups occurs for about 10 to 15
years; thereafter, strength is less in consecutively older
age groups. By age 60, maximum strength is about 20 to 25
per cent lesé than the maximum value of the 25 year old.

Although strength measurements have been occurring for
over 200 years, there is still a lack of standardization for

the definition, measurement, and data interpretation of
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strength. This appears to be confounded by a rapidly
changing technology which has resulted in the introduction
of a varlety of machines and instruments to develop and
measure strength.

Consequently, two measurements of strength are usually
reported in current strength research. Static strength is
measured isometrically employing a variety of instruments.
Dynamic strength is meésured isokinetically using a device
which controls the speed of movement. Of the two, isometric
results in the largest strength values, but isokinetic is
the most popular; however, isokinetic speed settings are not
standardized and measurements of strength have occurred at a
varlety of settings between 30 and 180 degrees per second.
Isotonic or variable resistance exercises which are favored
forms of strength development, are not generally used to
measure the strength of non-athletic individuals.

While each successive strength study has its own
pecularities, collectively, the findings and recommendations
of previous researchers may be generalized as follows:

1, Strength measurement is specific to the method of
strength development; that is, an individual training
isokinetically should be measured isokinetically, ect.

2. The sum of strength measurements on a number of
muscle groups is more representative of total body strength

than an individual strength measurement.
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3. To allow comparisons between individuals, strength

should be adjusted to take into account body size.

It has been reported that older inactive subjeéts
perceive the same physical tasks as more strenuous
than younger subjects. Thls has been demonstrated
repeatedly using Borg's rating of perceived exertion (RPE)
scale as the measuring instrument. There was no research
located which compared the RPE of a physical task by active

subjects from different age groups.
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METHODOLOGY

This was a cross sectional study in which 80
recreationally active men, 25 to 64 years old, were
administered strength tests for six separate muscle groups.
After cbmpletinq the last strength test, each individual
gave a rating of perceived exertion. Comparlsons, with
respect to strength and perception of effort, were made
between four age groups (25-34, 35-44, 45-54, & 55-64). The
facllitlies and members of the Tacoma-Plerce County Family

YMCA in Tacoma, Washington were used for data collection.

Selectlon of Subjects

Gerontologists commonly classify the elderly as young-
old (65-74), middle-old (75-84), and the old-old (85+). To
remain consistent with this 10 year pattern of separation,
20 active men were recruited from each of the following age
groups; 25-34, 35-44, 45-54, and 55-64.

Each member, to qualify as a subject, met the following
criteria:

1. Active for longer than a year with three or more
periods of actlivity per week.

2. Free of any known cardiovascular, bone, muscle, or
nerve condition that would limit and/or prevent execution of
the selected strength exerclses.

The definition of active resulted from two
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considerations. First, in a poslition statement on improving
and/or maintaining cardiovascular fitness, the Amerlcan
College of Sports Medicine (ACSM) recommends a minimum of
three perlods of activity per week, 15 to 60 minutes in
duration, at 60 to 90 per cent of maximum heart rate reserve
("Recommended quantity and," 1978). Second, the ACSM also
suggests a minimum training period of 15 to 20 weeks for
evaluating the effects of a cardiovascular fitness program.
In addition, discussions with the Director of Fitness for
the Tacoma Y confirmed that members who remalned active for
one year, or longer, were more likely to continue with an
active lifestyle.

The Tacoma Y provided a membership roster, which
indicated there were 2,986 male members between 25 and 64
years of age with the number of members in each age group as
follows: 25-34, (1103); 35-44, (1134); 45-54, (474); 55-64,
(275). Eighty subjects, 20 from each age group, were needed
for testing.

Using the Y's membership roster and a random number
table, twenty names from each age group were randomly
selected and the following notice was stapled to thelr
membership cards:

The Y is evaluating a new technique for
measuring muscular strength.
Males that have been ACTIVE for longer than

one year are needed for this study.‘
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Your name was randomly selected.
If you qualify, please consider volunteering
and give this notice to locker control in

exchange for an explanation of the study.

On each visit to the Y, a member must show his
membership card along with a plicture ID, for admission.

Once inside the workout area, membership cards are returned
to a reception area known as locker control. The members
who returned the notice to locker control were given a brief
description of the study and, if interested, completéd a
contact questionnaire (see Appendix B). The preceeding
process was repeated weekly. Each batch of notices was
checked after two weeks, and the notice was removed if still
attached to a membership card.

After repeating the weekly random selection procedure
three times, the process was discontinued. The 240 notices
had produced only 14 volunteers. 1In addition, about 65 per
cent of the notlices were still attached to membership cards
after two weeks, indicating a large portion of the members
would not satisfy the activity requirements of the study.

The balance of subjJects needed for the study was
obtained by visiting a variety of activity classes, briefly
explaining the study, and asking for volunteers. This
method of subject recruitment produced a sufficient number

of volunteers to complete the study without any further
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difficulties.

Choice and Explanation of Strength Tests

Based on the experlience and recommendations of previous
researchers, total body strength resulted from measuring the
strength of six separate muscle groups. The time necessary
for testing and avallable equipment were additional
considerations in the choice and number of tests. Last, the
exercises (three upper body and three lower body) chosen for
the strength tests utilized major anterior (front) and
posterior (rear) muscle groups (see Figures 3 and 4). The
strength tests were performed on equipment manufactured by
Nautilus (Nautilus Sports/Medical Industries, Deland
Florida) or Universal (Universal, Cedar Rapids, Iowa). The
exerclse associated with each strength test ls common to

most, if not all, strength training regimens.

1. Leg Press (LP) (see Figure 5-A) The LP is a two
joint pushing movement consisting of hip and knee extension
(straightening the leg). Hip extension is primarily done by
tﬁe large muscles of the buttocks (gluteus maximus, with
assistance from the gluteus medius and the gluteus minimus;
see Figure 4). Knee extension is accomplished by the
quadriceps, a four-muscle group on the anterior thigh
consisting of the rectus femoris, vastus lateralis, vastus

medialis, and the vastus intermedius (see Figure 3).
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(C)

Figure 5. (A) Starting positionifoz the leg press exercise
on the Nautilus Compound Leg Machine. (B) Finishing
position for the leg curl exercise on the Nautilus Leg Curl
Machine. (C) Finishing position for the leg extension

exercise on the Nautilus Leg Extension Machine.
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2. Leg Curl (LC) (see Figure 5-B) The LC is a pulling
movement (knee flexion) executed by the muscles of the
posterior thigh. This three-muscle group (biceps femoris,
semitendinosus, and semimembranosus) is commonly known as

the hamstrings (see Figure 4).

3. Leg Extension (LE) (see Figure 5-C) The LE isolates
the four muscles of the anterior thigh (quadriceps) and 1is a
kicking movement (knee extension). As described previously
in the LP exercise, LE is one of the most commonly performed
exercises in developing and measuring lower body strength,

regardless of the type of equipment or training reglimen.

4. Decline Press (DP) (see Figure 6-A) The DP 1s a
pushing movement (elbow extension and arm adduction) using
the muscles of the posterior, upper arm (triceps, see Flgure
4), and the muscles of the upper chest (pectoralis major and
deltoid, see Flgure 3). With free weights (barbells) and
many machines, this exercise is called thé bench press and

is very popular for strength development and testing.

5. Seated Rowing (ROW) (see Figure 6-B) Seated rowing
is a pulling movement (adduction of the scapula and
extension of the arm) performed by the muscles of the upper

back (trapezius, deltold; see Figure 4).
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Figure 6. (A) Starting positionffor the decline press
exercise on the Nautilus Double éhest Machine.

(B) Finishing position for the seated rowing exercise on the
Nautilus Rowing Torso Machine. (C) Starting and finishing
(D) positions for the behind neck pulldown exercise on the

Universal Multi-Station Machine.
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6. Behind Neck Pulldown (BNP) (see Fiqures 6-C & 6-D)
The BNP is a pulling movement (arm extension and elbow
flexion) which isolates the large muscle of the mid and
lower back (latissimus dorsi, see Figure 4) with assistance
from the teres major and minor (upper back, see Figure 4)
and the muscles of the anterior upper arm (biceps brachii

and brachlalis, see Figure 3}.

The 10-RM Protocol for Measuring Strength

The 10-RM protocol is a common form of strength
training and has been favorably used and compared to other
methods of strengﬁh development (Berger, 1963, 1962a, 1962b;
Johnson, 1972; Sale & MacDougall, 1981; Stull & Clarke
1970). The 10-RM protocol requires the individual to use a
weight with which 8 to 12 repetitions of an exercise can be
completed with proper technique. If more than 12 reps are
completed, the weight is considered too light and is
increased at the next workout; conversely, if fewer than 8
reps are performed, the weight is too heavy, and is
deéreased. This procedure for strength development has been
recommended by the Tacoma Y during weight room orientations
for 10 years. It is also the method of training recommended
by Nautilus to purchasers of their equipment (see Appendix
c).

In order to measure strength, regardless of age, safety
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is a major factor. There is no safe method to assess a
subject's absolutely greatest muscle strength (Kroemer &
Howard, 1970). Although the contractile force of an 8-10 RM
set is smaller than a 1-3 RM set, maximal motor unit
activation is achieved with the 8-10 RM routine and the risk
of injury is less when using lighter weights (Sale &
MacDougall, 1981). 1In addition to safety, a 10-RM routine
has fewer psychological factors to control. Ikal and
Steinhaus (1961) concluded that in every voluntarily
executed, all-out maximum effort, psychologic rather than
physiologic factors determine the limits of performance.

Due to the nature of this study, the 10-RM protocol was
chosen because of the reduced likelihood of injury, the
similarity to a normal strength training workout, and thé
ability of all subjects to perform each exercise; thus, the
relations between total body strength, rating of perceived

exertion, and age were able to be examined.

Test Adminlstration

The volunteers were scheduled for testing during their
normal workout time. Due to heavy use of the welight room
during evening hours, most of the testing occurred between
6AM and Noon. Volunteers reported fo the main weight room
in appropriate clothing and prior to their workout. A
private room, adjacent to the weight room, was used for

orientation, height, and weight measurements. All tests
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were administered by the author and proceeded as follows:

1. An Informed Consent form (see Appendix A) was read

and signed by each volunteer.

2. Each volunteer completed a Spare Time Activity
Survey (see Appendix A). The purpose of the survey was to
gather information about the volunteer's past 10 years level
of activity as well as current and previous strength
training experience. The levels of aqtivlty were similar to
those used by Saltin & Grimby (1968), but modified to
reflect current trends in American fitness. Completion of
the activity survey resulted in the elimination of two
volunteers who did not meet the activity requirement of the
study.

3. Helght and weight were measured according to
procedures described in the Y's Way to Fitness (Golding,
Myers & Sinning, 1982). Subjects stood in socks, stretching
upward to the fullest extent. Heels, buttocks, and the
upper back were pressed against a wall and the chin held
level. A right angle was placed on top of the subject's
head and against a wall-mounted ruler. ﬁeight was measured
to the nearest quarter of an inch.

4. Welght was measured with the subject in t-shirt,
shorts, and socks. A floor type bathroom scale was used to
measure weight. The scalg zero was adjusted dally to
correspond with readings from a beam-type physiclan's scale.

Measurements were recorded to the nearest pound.
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5. The 10-RM protocol to be followed in the weight
room was repeated and any questions were answered
satisfactorily sefore proceeding. Each subject was allowed
five minutes for a light warm-up (walk, easy jog, or
stationary cycling) before returning to the weight room.

6. The exerclses were done according to the
manufacturer's recommendations (see Appendix C) and in the
following order: leg press, leg curl, leg extenslon, decline
press, seated rowing, and behind neck pulldown. If a
machine was being used, the next exercise was performed.
Generally, lower body exercises were completed flrst. The
subject was positioned properly in the machine for each
exercise, and 10-RM strength was measured as follows:

(a) If the subject was familiar with the exercise
and gave an estimated 10-RM weight (pounds), the weight was
initially set at 50% of this value; if not, a light welght,
based on the tester's experience with the muscle group being
measured, was selected.

(b) The manufacturer's recommended technique for
performing the exercise was explained to.the subject.

(c) In order to insure that the subject understood
the proper technique, several reps were performed and
corrections, if necessary, to his technique were made.

(d) Once the subject understood the correct
technique, the weight was increased to the preselected

value, or in the case of subjects who were not famillar with
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the strength exercise, the weight was increased according to
the subject's reaction to the initial reps with the light
weight.

(e) The subject was reminded to complete as many
reps as possible, but to stop the exercise after several
reps if the weight was too light (able to do more than 12
reps) or too heavy (unable to complete 8 reps). If the
subject stopped, then the weight was increased or decreased
according to the subject's perception.

(£) The exercise was performed and the number of
complete reps recorded. If 8 to 12 reps were completed
before fallure, the selected weight was recorded as the 10-
RM strength for the exercise. Using the preceeding
procedure, all subjects completed more than 8 reps of each
exercise.

(g) If 13 reps were completed, the exerclse was
stopped and the following procedure employed:

1. Based on the subject's reaction to the
exercise and the tester's observation, the weight was
increased one, or more, increments of 5 pounds.

2. After a rest of at least one minute, the
exercise was repeated as described in step (f).

3. If necessary, the exercise was repeated a
third, and final time. 10-RM strength was determined for

all subjects with 3 or less trials.
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(h) The remaining exercises were performed
according to the preceeding procedure.

(1) Upon completion of the last test, the
subject was shown a chart of Borg's Ratings of Perceived
Exertion (see Appendix A). The subject was asked to
indicate the number which represented his perception of the
strenuousness of performing the six 10-RM strength

tests. This concluded the data collection.

Analysis of the Data

Measurements for each subject were recorded on an
individual data collection form (see Appendix A). At the
conclusion of the study, all data, including answers to the
activity survey, were combined and recorded by age group
(see Appendix D). Statlistical analyslis of the data was
accomplished through the use of the software package
Statlstical Package for the Social Sclences (SPSS).

Total Body Strength (TBS) was calculated as the sum of
the 10-RM weights (pounds) for each of the six strength
exercises. Body Mass Index (BMI) was calculated by dividing
body welght (kilograms) by height (meters) squared (BMI =
wt/(ht x ht)). In order to allow comparisons between
individuals, TBS was divided by BMI and the value of this
ratio was termed Relative Strength (RS = TBS/BMI). Mean,
standard deviation (SD), and the range were calculated for

all variables.
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This was a cross sectional descriptive study with four
levels of the independent varlable, age. It was
hypothesized that there would be no difference in (a)
relative strength between age groups, and (b) rating of
perceived exertion of the strength tests between age groups.
Since the levels of age differed gquantitatively, and the
intervals between levels were speclfied, the relationships
between age and each dependent varliable, relative strength
(RS) and rating of perceived exertion (RPE), were examined
using trend analysis (Kirk, 1968). One-way analysis of
variance (ANOVA), using orthogonal polynominals, was used to
test each hypothesis for trends with respect to the
following a priori contrasts:

1. There is not a linear relationship.

2. There is not a quadratic relationship.

3. There is not a cubic relationship.

The subjects were volunteers from different activity
classes. Thus, subjects had different forms of activity,
levels of exercise intenslty, and experience with strength
training; therefore, a large variability in strength between
subjects was anticlipated. Since varlablility and power
(probablility of rejecting a false null hypothesis) are
inversely related, and the sample size was fixed (20
subjects per group), the level of significance (alpha) was
evaluated to ascertain the power of the statistical test

(Franks & Huck, 1986).
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Allowing for an acceptable difference between means of
one standard deviation, fhe methods of Kastenbaum, Hoel, and
Bowman (1970) were used to select a level of significance
(alpha) of .10. This resulted in the power of the ANOVA
test being .83, which was acceptable. An alpha of .05
produced a power of .74, which was considered too low. In
case of a significant difference between means, the Scheffe
multiple comparison method was used to determine which means
were significantly different (wWiner, 15971).

The Pearsoﬁ product-moment correlation coefficient (r)
was calculated to examine the direction and degree of

assoclation between variables.
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RESULTS AND DISCUSSION

This chapter is a presentation and discussion of the
data obtained in the course of administering six strength
tests to 80 active men, 25 to 64 years of age. The subjects
were all members of the Tacoma-Plerce County Family YMCA,
Tacoma, Washington. The Tacoma Y is one of the largest
fitness facilities in the.United States with over 100,000
square feet of space under roof. It has five separate
welght rooms offering a varlety of equipment manufactured by
Nautilus, Universal, and Cam II. This study was carried out
in the main weight room which contained 24 Nautilus and 2

Universal machines.

Description of the Subjects

Eighty male subjects volunteered for this study. Prlor
to measuring strength, height and weight were recorded and a
spare time activity survey was completed. Descriptive data
of the subjects by age group are shown in Table 1.
Individual data may be found in Appendix D.

Examination of the individual data reveals an expected
variation in height and weight between individuals in the
same age group. This variation was not evident between age
groups, with one exception. The mean welght of the 45-54
age group was about 20 pounds greater than the means of the

other three groups. Since subjects were recruited with
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Descriptive Data of Men Participating in the Strength Study

Measure Mean sD Range

25 to 34 Year Olds (N=20)
Age (yr) 30.8 3.1 25-34
Height (in) 70.9 2.7 66.75-76.75
welght (1b) 179 25.1 132-246

35 to 44 Year 01lds (N=20)
Age (yr) 38.8 2.7 35-43
Height (1in) 69.17 2.2 66.00-74.50
Weight (1lb) 176 21.8 140-213

45 to 54 Year Olds (N=20)
Age (yr) 48.1 2.7 45-54
Height (in) 71.2 1.6 68.25-73.75
weight (1b) 196 30.0 161-271

55 to 64 Year 0lds (N=20)
Age (yr) 60.5 2.4 55-64
Height (1in) 69.7 1.8 65.25-72.50
Welght (1b) 171 17.6 147-225

Note.

Statistics shown are the mean, standard deviatlion

(sD), and range (minimum - maximum).
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attention to age and primary activity, this finding was

unexpected and not apparent until the data were analyzed.

Spare Time Activity Proflile

After signing an informed consent form, each subject
completed a five question spare time activity proflle (see
Appendix A). The survey was designed to gather some recent
history about the subject's activity and strength tralning
habits. 1Individual responses may be found in Appendix D.
Information obtained from each question will be discussed
separately.

Question #1. Which group best describes your activity

for the past year?

To participate in the study, volunteers were required
to have been active for at least three times per week for
one year or longer. Question #1 confirmed this with two
exceptions, and these volunteers were subsequently replaced.
Thus, all subjects were active three or more times per week
for the past year.

Question #2. 1Indicate the group that best describes

your activity for the last ten years.

Surveys of lifetime activity patterns have been
criticized because of the potential error due to recall.
For this reason, the subjects were asked to choose an
activity level for the two preceeding five year intervals.

Observation revealed that this was not a problem for any of
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the subjects. The past year and previous 10 year activity
levels for each age group are shown in Table 2.

The number of subjects that had an actlivity level
required for the study (level 3) are fairly uniform across
the three oldest age groups. Seven of the 12 subjects with
a competitive level of activity (level 4) were in the
youngest age group. This pattern was consistent for the
preceeding five years of activity (1982-1986), but for the
period 1977-1981, the youngest age group accounted for two-
thirds of level 4 activity. This period corresponded fo
high school or college years for the 25-34 age group and a
greater degree of activity would be expected. The period
1977-1981 also reveals that about one-third (27) of all
subjects were only mildly active (level 2). This may be due
to the lack of facilities since the Tacoma Y expanded from a
small downtown operation to its present suburban site in
1977. 1It also raises the possibility that active adults may
not be maintaining an active lifestyle for extended periods
of time.

Question #3. Indicate your primary activity.

The purpose of Question #3 was to insure that a
particular activity d4id not dominate the sample although no
limit was pre-established. Results are shown in Table 3.

Question #4. Do you use the weight room on a regular

basis? _Y __N If yes, how often? Times/week How

long have you lifted weights?
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Activity Level of Men Participating in the Strength Study

Activity
Level All Ss

Age (yrs)

25-34 35-44 45-54 55-64

1985 - 1986
3 68 13 20 16 19
4 12 7 0 4 1
1982 to 1986
1 1 0 0 1 0
2 10 3 3 1 3
3 55 11 14 14 16
4 14 6 3 4 1
1977 to 1981
1 3 1 2 -0 0
2 21 3 8 7 8
3 35 5 9 10 11
4 15 11 1 3 1

Note. A description of the activity levels corresponding to

the numbers 1 to 4, may be found in Appendix A.
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Table 3

Primary Actlvity of Men Participating in the Strength Study

Age (yrs)
Activity All Ss 25-34 35-44 45-54 55-64
Aerobics 4 0 3 1 0
Cycling 1 1 0 0 0
Handball 3 0 0 1 2
Multiple 19 8 2 8 1
Racquetball 13 0 3 4 6
Running 26 4 10 6 6
Swimming 13 7 2 0 4
Walking 1 0 0 0 1

Note. Multiple means the subject participated in two or

more activities.

g
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Bodybuilders, weightlifters, and individuals engaged in
a formal strength training program were not recrulted as
‘subjects; however, the Y encourages strength training as
part of an active lifestyle and offers weekly weight room
orientations. Thus, it was anticipated that active members
might be doing some strength training. The strength
training history of the subjects is shown in Table 4.

Fifty-two subjects were strength training with less
participants in successively older age groups. The 55-64
age group had eight members using the weight room. In
addition, 29 of the 52 subjects that were strength training,
regardless of age, had been doing so for three years or
less. This may be a reflection of the increased attention
strength training has received in the last decade and/or the
availability of facilities. By a narrow margin, two

workouts per week were favored over three.

Question #5. If NO on #4, 1s there a particular reason
that you don't use the welght room?

Twenty-eight subjects were not using the welght room
and thelr reasons for this decision are listed in Table 5.
No time and no specific reason accounted for 42 per cent of
the answers; the rest being split among a variety of
reasons. The men in the two older age groups accounted for
the majority of those not strength training and whlle they
volunteered for the study, their attitude generally was that

strength training was more of a nuisance than anbaddition to
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Weight Room Utilization of Men Participating

in the Strength Study

Workout Frequency

(times/wk)
Age (yrs) N 1 2 3
25-34 17 2 8 7
35-44 15 1 10 4
45-54 12 2 7 3
55-64 8 0 2 6
Years of Strength Training
25-34 .5, 1, 2, 2, 2, 2.5, 3,5, 5,5, 1, 8,38,
10, 10, 15, 17
35-44 .25, .25, 1,1, 2, 2,2,3,3,5,5, 15, 15,
18, 20
45-54 .25, .5, 1.5, 2, 2, 3, 3, 4, 1, 10, 12, 36
55-64 .5, 1.5, 1.5, 2, 3, 3, 20, 30
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Reasons for not Lifting Welghts by Non-strength Training

Men Participating in the Strength Study

Age (yrs)

Reason 25-34 35-44 45-54 55-64
Likes Aerobics 1
Gets Strength from
Primary Activity 1
Dislikes Weightlifting 1
Not Interested 1 1 1l
Dislikes Machines 1
No Time 1 1 4
Uses Calisthenics 1 1
Not Motivated 1
Joint Injury 1
Afraid of Adding Bulk 1
No Specific Reason 3 3
No Need 1
Just Began Lifting 2 1
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thelr workouts.

Muscular Strength

All subjects were able to complete the six strength
tests without incident. Statistical analysis of the data

was accomplished using various computer software programs of
SPSS (Statistical Package for the Soclial Sciences). The

SPSS programs and output may be found in Appendix E.

Strength of Individual Muscle Groups. The results of

each strength test by age group are shown In Tables 6 and 7.
Individual data may be found in Appendix D. Examination of
the mean strength value for each test indicates a difference
in the strength of older subjects beginning with the 45-54
age group. One exception is the leg press, which 1is less in
each older age group.

The difference in individual muscle group strength,
from the youngest to oldest age group, was least for Rowing
(17 per cent) and greatest for the Decline Press (34 per
cent). Generally, the difference in individual muscle
strength between the 25-34 and 55-64 age groups was cCloser
to 30 per cent. This is greater than the 20 per cent
difference between age groups cited in the literature, which
was the result of maximum isometric values obtained with
inactive subjects (Astrand & Rodahl, 1977; Ostrow, 1984;

Shephard, 1984). The range in variation of strength
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Age (yrs) N Mean SD Range %
Leg Press (1bs)
25-34 20 152 34 90-220 100.0
35-44 20 140 23 100-200 92.1
45-54 20 132 27 90-190 86.8
55-64 20 108 22 80-170 71.7
Leg Extension (1lbs)
25-34 20 119 21 80-160 100.0
35-44 20 120 27 75-170 100.8
45-54 20 99 21 70-150 83.2
55-64 20 86 31 65-200 72.3
Leg Curl (1lbs)
25-34 20 72 14 - 50-110 100.0
35-44 20 72 14 45-100 100.0
45-54 20 59 10 40-85 81.9
55-64 20 49 9

35-70 68.1

Note. Statistics shown are the mean, standard devliation

(sD), and range (minimum - maximum).

Per cent (%) equals

(strength age group) divided by (strength 25-34 group).
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Results of Upper Body Strength Tests

on Active Men
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Age (yrs) N Mean sD Range %
Behind Neck Pulldown (lbs)
25-34 20 117 17 75-150 ©100.0
35-44 20 116 14 90-150 99.1
45-54 20 100 19 75-150 85.5
55-64 20 88 17 70-140 75.2
Decline Press (1lbs)
25-34 20 107 14 75-135 100.0
35-44 20 102 17 70-135 95.3
45-54 20 88 19 60-130 82.2
55-64 20 71 19 50-130 66.4
Rowing (1lbs)
25-34 20 52 11 - 30-75 100.0
35-44 20 54 9 35-70 103.8
45-54 20 51 12 35-80 98.1
55-64 20 43 9 30-70 82.7

Note. Statlistics shown are the mean, standard deviation

(SD), and range (minimum - maximum).

Per cent (%) equals

(strength age group) divided by (strength 25-34 group).
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differences between muscle groups suggests that different
muscle groups may begin to lose strength at different ages,
which agrees with the research of Asmussen and Heeboll-
Nielsen (1962).

However, specificity may have been a factor in the
varying strength differences between age groups, especially
for the muscles used to perform the seated rowing exercise.
As part of the testing protocol, each subject was asked if
he was familiar with the exercise assoclated with each
strength test. It was previously mentioned that the number
of subjects strength training were less in older age groups
(see Table 4). Generally, the subjects utilizing the welight
room were familiar with fhe leg exercises and the decline
press, and less familiar with the behind neck pulldown.
Seated rowing was the least familiar exercise. Other
researchers have recommended that testing methods simulate
training methods (de vries, 1966; Jones, 1978; Rasch &
Morehouse, 1957; Riley, 1978; Sale & MacDougall, 1981), so
practice (specificity) may have been as important a factor
in these results as age.

The range values (minimum - maximum) for each exercise
provided an unexpected result. The extreme strength
measurements for each test in each age group were similar
with the exception of the maximum values for the leg press
and leg curl. 1In fact, the largest strength measurement for

leq extension was in the 55-64 age group. These findings
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suggest that although mean strength values decreased in

older age groups, there were individuals in each age group
with comparative strength measurements. This suggests that

factors other than age may affect strength.

Total Body Strength. Total Body Strength (TS) for each

subject was determined by summing the 10-RM welghts of the
six strength tests. To adjust for body size, TS was divided
by the Body Mass Index (BMI) of the subject. The BMI
accounts for both the subject's weight and height and has
been reported to be highly correlated with total body fat
(Roche, Abdel-Malek, & Mukherjee, 1985). The ratlio of TS to
BMI was termed Relative Strength (RS). The values for BMI,
TS and RS are shown in Table 8.

TS and RS were less for each older age group and both
measures revealed an approximate 28 per cent difference in
strength from the youngest to oldest age group. In testing
the hypothesis that there was no difference between age
groups, one-way analysis of variance was significant (p =
.0000) for both TS and RS. ‘Trend analysis indicated the
linear term was significant for both TS and RS (p = .0000).
For TS, the quadratic term was significant (p = .0934), and
for RS, the cubic term was significant (p = .0894); however,
the linear term accounted for 90 to 95 per cent of the
variation between group means for TS and RS, respectively.

The Scheffe multiple comparison method was used to
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Table 8

Body Mass Index, Total and Relative Strength of Active Men

Note. Statistics shown are the mean, standard deviation
(SD), and range (minimum - maximum). Per cent (%) equals
(value of age group) divided by (value of 25-34 group).
Total Strength is the sum of the weights 1lifted in six
separate strength tests. Relative strength 1s TS/BMI.
(a, b, and c represent homogeneous subsets of means not

significantly different for alpha = .10)



79

Table 8

Body Mass Index, Total and Relative Strength of Active Men

Age (yrs) N Mean SD Range %

Body Mass Index (kg/m x m) *

. 25-34 20 25.1 2.9 20.3-31.7 100.0
35-44 20 25.5 2.6 20.9-30.4 101.6
45-54 20 27.3 4.2 22.4-38.1 108.8
55-64 20 24.9 2.8 21.1-28.9 99.2

Total Strength (lbs) **

25-34a 20 619 87 415-805 100.0
35-44a 20 602 79 435-735 97.3
45-54b 20 528 90 385-705 85.3
55-64c 20 444 97 350-780 71.17

Relative Strength (lbs/BMI) **

25-34a 20 24.7 2.7 18.5-29.0 100.0

35-44a 20 23.7 2.9 18.8-28.5 96.0

45-54b 20 19.6 3.6 13.5-27.6 79.4

55-64b 20 17.9 3.5 13.5-28.9 72.5
* p = .0782

** p = .0000
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determine which means were significantly different.

Multiple comparison procedures protect against calling too
many differences significant. The Scheffe method is
conservative for pairwise comparisons and requlires larger
differences between means for significance than most other
methods (Winer, 1971). For example, ANOVA resulted in
significance for BMI (p = .0782), but the difference between
age group means was not large enough to satisfy the Scheffe
criteria for significance. The output from the Scheffe test
lists homogeneous subsets, with the difference between the
means of groués in the subsets not significant at the
prescribed level of alpha (.10) (see Appendix E).

For TS, the older age group (55-64) differed from the
other three; the 45-54 age group differed from the younger
two groups, and the 25-34 and 35-44 were not different.
After adjustment for body size, analyis of RS resulted in
the two older age groups (45-54 & 55-64) differing from the
younger two groups, but not from each othér. Examination of
the per cent (%) column of Table 8 for TS and RS provides
further insight into this finding. TS of the 45-54 group
was 85 per cent of TS for the 25-34 group. After adjusting
for body size, RS of the 45-54 group was 79 per cent of RS
for the 25;34 group. Note that the adjustment for body size
did not significantly alter the comparative strength of the
other groups with respect to the youngest group. This

agrees with the conclusions of Montoye and Lamphiear (1977),
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who suggested that the galn in welght by older adults may
have been fat, which did not contribute to the strength of
the individuals.

Rating of Perceived Exertion

Upon completion of the last strength test (usually
BNP), each subject was shown Borg's scale of percelived
exertion (see Appendix A) and asked to rate the
strenuousness of the six strength tests. The results are
listed in Table 9. Testing the group means by analysls of
variance resulted in significance (p = .0072). Trend
analysis was significant for the linear term only (p =
.0018).

The Scheffe multiple comparison technique produced two
homogenous subsets of means. -The RPE of the two younger age
groups (25-34 & 35-44) did not differ significantly, nor dld
the means of the three older age groups (35-44, 45-54, & 55-
64). This result is in contrast to previous findings in
which older, less active, subjects perceived the same
workload as more strenuous than younger subjects (Ostrow,
1984; sidney & Shephard, 1977). The finding in this study
may be attributable to the subjects being familiar with
active stress and to the tests being sub-maximal, which
resulted in all subjects being able to complete the tests

without any apparent discomfort.
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Table 9
perceived Exertion of Performing Six Strength Tests by

Active Men: 25 to 64 Years 0ld

Age Group N Mean * SD Range
25-34a 20 13.4 1.9 9-16
35-44a,b 20 13.0 1.6 10-17
45-54b 20 11.8 1.4 9-14
55-64b 20 12.0 1.5 9-15
* p = .0072

Note. Statistics shown are the mean, standard deviation,
(sD), and the range (minimum - maximum). (a & b are
homogeneous subsets whose means do not differ significantly

for alpha = .10)
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Correlation Between Variables

In order to further evaluate the assoclation befween
variables, Pearson product-moment correlation coefficlents
(r) and scattergrams of selected palirs of variables were
produced. The Pearson product-moment correlation between a
pair of variables is an indication of the strength of the
linear relationship between the two variables. Table 10
lists r for selected pairs of variables.

A negative sign indicates that as the independent
variable increases, the dependent variable decreases; a
positive sign means both variables increase. The closer the
value of r to zero, the less the linear relationship between
variables; the closer the value of r to +1.0 or -1.0, the
stronger the linear relationship (Nie et al., 1975). The
difference in TS and RS between age groups may be seen in
the scattergrams of Figures 7 and 8, respectively. The r
for each is similar and represents a moderately strong
association with age. Both scattergrams show individual
extremes in strength for all age groups.  The assoclation
between age and RPE is low (-.3139) and may be seen in
Figure 9. Thus, although analysis of variance detected
significance (see Table 9), the relative weakness_of that
finding is exposed by examining the scattergram.

There is a strong association between TS and RS (.8258)
and this may be seen in Figure 10, while both have

relatively low associations with RPE. It might be argued



Table 10

Pearson Product-Moment Correlation (r) Between Pairs of

variables Measured in the Study on Strength of Active Men

84

vVariable Age TS RS RPE
Age XXXX -.6162 -.6525 -.3139
RS -.6525 .8258 XXXX .4237
RPE -.3139 .3398 .4237 XXXX
TS -.6162 XXXX .8258 .3398
BMI .0279 .3156 -.2625 -.1217
YTR XXXX .4118 .3682 .1501
FREQ XXXX .3215 .3531 XXXX
HT -.1152 .0636 .0818 XXXX
WT -.0317 .3193 -.2011 XXXX
LP -.5285 .8863 .6794 .1677
LE -.4990 .8784 .7724 .2844
LC -.6373 .8305 . 6959 .3682
pP -.6010 .8844 . 7440 .3226
ROW -.3275 L1327 .4858 .3158
BNP -.5457 .8879 .7878 .4000




Figure 7.

Scattergram of Total Strength and Age (N

r = -.61625).
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Figure 8. Scattergram of Relative Strength and Age (N = 80;

r = -.65245).
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Figure 9.

Age (N =

89

Scattergram of Rating of Percelived Exertion and

80, r = -.31393).
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Figure 10.

Strength (N

Scattergram of Total Strength and Relative

= 80; r = .82577).
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that elther TS or RS would be acceptable for representing
total body strength on the basis of their association with
each other; however, TS and RS correlate +.3156 and -.2625
respectively, with BMI (see Figures 11 & 12). While these
are both low correlations, it is further evidence that a
larger BMI does not necessarily produce a corresponding
increase in TS, as noted previously (see Table 8). Years of
strength training (YTR) and frequency of workouts (FREQ)
both had low associations with TS and RS. Thls may be an
indication that active, non-competitive men are strength
training at an intensity more likely to malntain than
develop strength.

There 1s a strong association between each strength
test and TS; the associatlion with RS being somewhat less,
but still moderately strong. An exception appears to be the
seated rowing exercise; however, as explalned earlier, this
was the least practiced movement which may be the reason for
the weaker correlation; The BNP has the highest correlation
with both TS and RS. Berger (1963a) selected the military
press from a group of strength measurements as the one
strength test to be used in classifying students into groups
with similar total strength. It is interesting to note that
the military press and BNP involve similar Joints (elbow &
shoulder), but are opposing movements.

Wwhile the correlation between RPE and each strength

test was low, the correlation was weakest (.1677) for the



Figure 11.

Index (N =

Scattergram of Total Strength and Body Mass

80; r = .31562).
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Figure 12.

Index (N =

96

Scattergram of Relative Strength and Body Mass

80; r = ~-.26251).
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‘flrst test administered (LP) and strongest (.4000) for the
last test (BNP). Since there was only one testing sesslon
in this study, it's posSible that as the subjects performed
each test they became more comfortable with the test
protocol and may have worked harder in successive tests.
Last, there was no association between age and WT or
BMI in this study. 1It has been reported that aglng resulté
in an increase in body weight, usually in the form of fat
(Astrand & Rodahl, 1977; devVries, 1966; Lamb, 1978).
Although thé weight gain of the 45-54 age group has been
previously discussed, overall, older subjects were not
heavier than younger subjects (see Figure 13). This result,
along with the RPE finding, supports the strength data which
suggests that actlve subjects may respond to the aging
process differently than thelr inactive counterparts.
Several members of the oldest age group had lifestyles
which would seem to support this conclusion. One 59 year
old was one of the two strongest subjects tested in the
study (see Figures 7 & 8). This individual managed a sewlng
machine shop for over 30 years, and regularly played
recreatlional handball and did non-competitive strength
training, which he continues to do. Another 59 year old was
a former physical education teacher and had always been
mildly active including reqularly lifting light weights.
After being tested, a number of subjects from the two

older age groups (45-54 & 55-64) commented on several



Figure 13.

Scattergram of Weight and Age (N

r = -.03171).
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consequences of being part of the study. Flrst, many of
those not strength training prior to the study, began doing
so. Second, on returning to the weight room, a number of
subjects found they were able to lift considerably more
weight than when they were tested. This last comment
supports the concept of speclificity (practice) which was
discussed earlier with regard to results of the seated

rowing test (see Table 7).
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The loss of muscular strength is one of the many
consequences of aging cited by gerontologists. The general
consensus of cross sectional studies performed during the
past 150 years 1is that by age 60, inactive subjects have 80
per cent of the maximum isometric strength present at age
30. Efforts to encourage older inactive individuals to
participate in physical activity are often hampered by thelir
fear of the risks associated with exercise. This hesitancy
has been linked to an underestimation of their physical
abilities and an overestimation of the strenuousness of the
activity.

The purpose of this study was to measure ﬁuscular
strength and perceived exertion of active men, 25 to 64
years old. For comparative purposes, 20 apparently healthy
men from four age groups (25-34, 35-44, 45-54, and 55-64)
were recruited from the membership -of a iarge YMCA.A To
qualify for the study, subjects were required to have been
active a minimum of three times per week, foi one year or
longer. Bodybullders, weightlifters, or individuals engaged
in a formal strength training program were not recruited.

Each subject completed a five question spare time
physical activity survey to gain information about the

subject's past activity and strength training habits.
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Strength measurement consisted of assessing the 10-RM
strength of six different muscle groups (three upper body
and three lower body). The exercises selected to represent
thevstrength of each muscle group were, in the order of
performance, leqg press, leg curl, leg extension, decline
press, seated rowing, and behind neck pulldown. The tests
were administered in the YMCA's main welight room utilizing
conventional Nautilus and Universal machines.

Upon completion of the last strength test, each subject
indicated his pérception of the strenuousness of the
strength tests by selecting a number from Borg's scale of
perceived exertion. All subjects completed the six strength
tests without any apparent discomfort. The sum of the
welghts 1ifted in each 10-RM test represented the subject's
Total Body Strength. To account for differences in body
size, Total Body Strength was divided by the subject's Body
Mass Index and this ratio was termed Relative Strength.
Comparisons between age groups were made to ascertain if
there was a difference in Relative Strength or Rating of

Perceived Exertion.

Conclusions

Relative Strength waslless for each successively older
age group. The Relative Strength of the 55-64 age group was
72 per cent of the value for the 25-34 age group; however

this difference may be exaggerated. The number of subjects
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using the weight room was less in the older age groups. Of
the 20 subjects in each group, the 55-64 group had 8 members
using the weight room regularly versus 17 for the 25-34
group; therefore, since there was one testing session, more
of the older subjects were less skilled in performing the
exercise movement for each strength test. Regardless, there
were young and old subjects with similar Relative Strength
values; in fact, the two strongest subjects were 35 and 59
years old.

There was a low correlation (.3682) between Relative
Stfength and the length of time (years) subjects had been
using the weight room. This is contrary to what would be
expected in a strength training program and suggests that a
gap exists between performance and capacity for all
subjects, regardless of their familiarity with the strength
exercises. The width of this gap may depend on factors
affecting the self motivation of each subject (goals, prior
experiences, inhibitions, ect.).

The Rating of Perceived Exertion for the strength test
was similar for all age groups. The two younger age groups
perceived the strength test as "somewhat hard" (13 on the
Borg scale), while the two older groups percelved the test
about one unit less (12). A difference of one unit was not
considered significant due to the subjective nature of the

rating scale. In addition, subjects often responded with two
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consecutive numbers (10 or 11, 13 or 14, ect.) and the
higher number was recorded.

The lower perception of effort by the older age groups
may also be associated with the larger number of subjects in
these groups that were unfamiliar with the weight room.
During the test administration, it was obvious that subjects
unfamiliar with the equipment and exercises were more
hesitant to increase the weight. 1In fact, a number of
subjects d4id not want to increase the light weight
originally selected for demonstration purposes. This
hesitancy appeared to result more from fear of failure to
complete the activity than fear of the activity litself.
Consequently, it's possible that some older and younger
subjects completed the 10-RM strength tests with weights
that were too light physiologically, but heavy enough

psychologically.

Recommendations (Applied)

With respect to the data analyses, observations, and
review of the lliterature that occurred during this study,
the following recommendations are proposed:

1. Gerontologlists, physical educators, and other
health practitioners should use caution in claiming that age
is the sole factor responsible for the difference in
muscular strength between younger and older individuals.

Level and type of physical activity, amount and intensity of
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strength tralning, body fat, particular muscles tested,
occupation, and testing protocol are additional factors that
may affect the results of strength tests.

2. The 10-RM protocol, which is frequently used to
develop strength, is acceptable for the strength evaluation
of young and old individuals. In this study, 10-RM strength
was determined in three or less trials, and all subjects
completed the strength tests without any complaints or
incidents. ,

3. Measurement of individual strength should reflect
an adjustment for body size. Total Body Strength had a low
positive correlation (.3193) with body welight; whereas,
Relative Strength had a low negative correlation (-.2011)
with body weight. Thls suggests that the additional body
weight of some subjects may have been in the form of fat,
which did not contribute sufficliently to the strength of all
muscle groups.

44. Strength evaluation involving older sujects should
represent the results of measuring the strength of major
lower and upper body muscle groups. Differences in
individual muscle group strength values between the 25-34
and 55-64 age groups varied from 17 per cent (seated rowing)
to 34 per cent (decline press). Selection of one or two
muscle groups for testing may significantly alter the

outcome.
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Recommendations (Research)

This study was one of the few attempts to gather
strength information from a sample of active subjects. From
the previous discussion, it is apparent that active older
subjects may respond differently to physical evaluation than
inactive older subjects; therefore, the following
suggestlions for future research on the relation between
strength and aging are proposed: |

1. Famlliarity with the strength tests needs to be
controlled. How much practlce should be allowed before
administering the test protocol needs to be investigated.

2. Subjects in this study were active non-competitive
men. Relative Strength and Rating of Perceived Exertion
comparative data needs to be collected from inactive and
competitive male subjects, as well as from all three
categories of female subjects.

3. Since the most popular forms of strength evaluation
are isometric and isokinetlic testing, a comparison with the
10-RM protocol is needed to examine the nature of the
relationship between methods.

4. Develop Relative Strength and Rating of Perceived
Exertion data on subjects with different primary physcial
activities (running, swimming, racquetball, ect.). This
would provide additional basis for recommending periodic

changes to an individual's exercise program.
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S. As with all of the physiological changes assoclated
with aging, longitudinal data are needed to truly assess the

effects of aging on muscular strength.
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Muscular strength of Active Men: 25 to 64 Years of Age
Informed Consent

The rescarch project ia which you will participate is
designed to gather information about the strength of active
men. Your height and weight will be recorded. For each of
six exercises, you will estimate the weight that will allow
one set of 8 to 12 repetitions to be performed. Upon
completion of the six exercises, you will give a rating of
perceived exertion. ' :

The measurement of strength will proceed as follows:

1. You will be asked to warm-up for five minutes with
a walk and/or easy jog and any stretching that you might
normally do prior to a workout.

2. You will perform the following six exercises in the
Nautilus weightroom: leg press, leg curl, leg extension,
decline press, seated rowing, and behind neck pulldown.

3. An instructor will position you for each exercise
and set the weight at 50 percent of the weight you selected
for the exercise. You will perform several repetitions and
corrections to your technique, 1f necessary, will be made.

4. The instructor will set the selected welight and you
will perform the exercise. If less than 8 or more than 12
repetitions are done, the weight will be adjusted
accordingly. After a rest of two minutes, the exercise will
be repeated. This process will continue until 8 to 12
repetitions are done.

5. After the last exercise, you will indicate how you
perceived the strenuousness of the exercises by selecting a
number from a chart of perceived exertion ratings.

This is a measure of submaximal strength; however,
there may be discomforts and possible dangers. If you hold
your breath while performing an exercise, pressure inside
your chest may increase. Lightheadedness, fainting, chest
pain, and even heart attack may occur. Other risks of
injury to bones, muscles, and connective tissue while
performing the exercises are possible.

If a life-threatening situation should occur during
testing, the Y's standard emergency procedure will be
followed. Locker control, which ajoins the weight room,
will be notified immediately that a Code 4 situation exists.
Cardiopulmonary resuscitation (CPR), 1f necessary, will
begin. Locker control will call the paramedics and announce
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over the public address system that a Code 4 exists in the
Nautllus weight room. All Y staff are trained to respond
immediately to this announcement. Paramedics may be
expected to arrive in approximately two minutes.

You SHOULD NOT participate in this study i1f you have
any of the following: high blood pressure, frequent
nosebleeds or headaches, heart or circulatory problems,
spinal (neck, back) or joint problems, seizures, recent
concussion or any symptom or condition that might require
medical examination or treatment. |

Participation in this study is voluntary. You may stop
or withdraw from the study at any time without prejudice.
Your data will be kept confidential. Results of the study
will be presented by group and individual performances will
remain anonymous.

This project is being coordinated by John LéMarr (Dept.
of Physical Education, Oregon State University), Steve
Johnson, and Steve Triller (Tacoma YMCA). If you have any
questions pertaining to the study, your rights as a
participant, or should you suffer a research-related injury,
contact one of these individuals.

In signing this consent form, you state that you have
read and understand the description of the study. Any
questions you may have were answered to your satisfaction.
You agree to enter into the study voluntarily and understand
that you may withdraw at any time without penalty. Every
effort will be made to insure your health and safety.

PRINT NAME SIGNATURE DATE



117

Spare-Time Physlical Activity

Four different activity levels are described below.

Please read each and answer the questions that follow.

Group 1 Group 2
Almost completely lnactlve: Some mild physical activity
Reading, watching TV, once or twice weekly: ridiag
movies, etc. } a bike, walking, softball,

yard work, etc.

Group 3 Group 4
Regular physical activity Regular hard bhysical
three or more times a week activity for competition in
for general fitness: cycling, any sport, four or more times
running, racquetball, etc. per week.

which group best describes your activity for the past

year?

Indicate the group that best describes your activity for
the last 10 years.

1982 - 1986 1977 - 1981

Indicate your primary activity. __ SWIMMING __ CYCLING
- RACQUETBALL ;_ RUNNING __ BASKETBALL __ HANDBALL

— AEROBICS (OTHER)

Do you use the weight room on a regqular basis? __Y N

If yes, how often? TIMES/WEEK TIMES/MONTH

How long have you lifted weights?
If£ NO on (4), 1s there a particular reason that you

don't use the weight room?
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Data Collection Sheet

DATE

NAME AGE

HEIGHT: in socks, heels together & against wall, stretch,
chin level, record to nearest 1/4 inch.

HEIGHT (48) + = in

WEIGHT: weigh in socks, shorts, & t-shirt (note difference),
record to nearest 1/2 pound.

WEIGHT lbs

* Subject estimates initial weight.

%2 Weight/Reps Weight/Reps Weight/Reps

Leg Press / ' / _/
Leg Extension | / / /
Leg Curl / V4 /
Decline Press / / _/
Rowing / / _/
Lat Pulldown / / /

PERCEIVED EXERTION

1. Perform exercises in order listed.

2. Set welght at 50% of selected value.

3. Position subject properly and check technique with
several reps; explain perceived exertion.

4. Set weight and record reps. If 8 to 12 reps completed go

. to next exercise.

S. Stop the exercise if 13 reps completed and adjust weight.
Allow 2 minute rest and repeat.

6. When finished, get rating of perceived exertion.



N SCALE

 PERCEIVED EXERTIC

VERY, VERY LIGHT
9 VERY LiGHT

1 FRIRLY LICHT
4 SOMEWHET HARD
15 HARD
7 VERY HARD
19 VERY, VERY HARD
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Muscular Strength of Active Men

The purpose of this study is to measure the strength of"
ACTIVE members, 25 to 64 years of age. This is NOT a test
of how much weight you can lift.

You will select the weight for each of the six
exercises shown on the following page. The weight you
select should allow you to complete one set of 8 to 12
repetitions using good form. Your performance will be
corrected for your height and weight to obtain a Personal
Indicator of Effort.

Regardless of the outcome, your participation is
important. 1Individual results will remain confidential, but
all data will be combined to establish a basis for
comparison with tests on INACTIVE individuals.

Volunteers should meet the following requirements:

1. You should have been ACTIVE for one (1) year or
longer. Active means three (3) or more periods of
recreational activity per week.

2. You should NOT be a power lifter, bodybuilder, or
competitive athlete engaged in a formal strength training
program.

RRERR R R R R R R R R R R AR AR R R R R RN TR R RN RN R RNk R R

If you would like to volunteer, please return this
sheet to locker control with answers to the following:

NAME PHONE

CIRCLE THE DAY(S) YOU VISIT THE Y.

SUN MON TUE WED THUR FRI SAT

CIRCLE THE TIME OF YOUR VISIT.

Morning Afternoon Evening

6 7 8 9 10 11 12 1 2 3 4 5 6 71 8 9



Behind Neck Pulldown
(Universal)

i
7 T NPT W

Rl

Rowing (Nautilus)
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Nautilus Training Principles

General procedures to be foilowed on all machines where the “normal” (positive-negative) movements
are performed:

1.

2

10.

11.

12

13.

14,

Make certain that the rotational axis of the cam of ail rotary exercises is in-line with the ;omt axis of
the body part that is being moved.

Position your body in a straightly aligned manner. Avoid twisting or shifting your weight during
the movement.

. Maintain a loose, comfortabie grip. Never squeezs the handgrips tightly as this resuits in elevated

blood pressure.

. Lift resistance or perform positive work to the count of two . . . pause . . . lower the resistance or per-

form negative work siowly and smoothly while counting to four.

Use as much of your range of motion as possibie on each machine to deveiop fuil-range strength
and flexibility.

Breathe normally. Try not to hoid yaur breath whiie training.
Perform each exercise for 8 to { 2 repetitions: -

a. Begin with a weight you can comfortably do 8 times.

b. Stay with that weight until you can perform 12 strict repstitions. On the following workout, in-
crease the weight by approximately 5% which shouid resuit in your inability to perform more
repetitions than the minimum guidsiine dictates.

c. Try to progress in repetitions and/ or rasistance in each successive workout.

. Move guickly from machine to machine. The longer the rest between machines, the less effective

the cardiovascuiar conditioning.

Foliow your routine as the exercises are numbered on your workout sheet; however, any time the
machine you are to do next is being used, go to another exercise and then return to the machine that
was in use.

Move very gquickly — in less than 3 seconds — from the primary exercise to the secondary exercise
in all doubie Nautiius machines.

inciude a maximum of 12 exercises, 4 to 6 for the iower body and 6 to 8 for the upper body.

Exercise the larger muscie groups first and proceed down to the smaller muscie groups. Ex-
ampie: hips; thighs, back, shouiders, chest, arms, and neck.

Finish your entire workout in 20 to 30 minutes.

Rest a minimum of 48 hours and not more than 96 hours between successive workouts.
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Compound Leg Machine

(Nautilus)

Leg Press (Quadriceps, hamstrings, and gluteus maximus)
1. Sit erect and pull seat back forward. ’
Flip down foot pads.
Place both feet on pads with toes pointed slightly inward.
Straighten both legs in a controlied manner.
Return to stretched position and repeat.
Important: Avoid tightly gripping handles and do not grit teeth or tense neck
or face muscles during either movement.

e s woN
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Leg Curl Machine

(Nautilus)

(Hamstrings)

1.

N o O kAW

Lie face down on machine.

Place feet under roller pads with knees just over edge of bench.
Grasp handles to keep body from moving.

Curl legs and try to touch heels to buttocks.

Lift buttocks to increase range of movement.

Pause at point of full contraction.

Lower resistance and repeat.

Important: Top of foot should be flexed toward knee throughout
movement.



3
-
.1
|

4

Leg Extension Machine

(Nautilus)

(Frontal thighs or quadriceps)

1.

.

D s WwN

.

Place feet behind roller pads, with knees snug against seat.

Adjust seat back to comfortable position.

Keep head and shoulders against seat back.

Straighten both legs smoothly.

Pause.

Lower resistance slowly and repeat.

Important: Avoid tightly gripping handles and do not grit teeth
or tense neck or face muscles during movement.




Double Chest Machine

(Nautilus)

Decline Press (Chest, shoulders, and triceps of arms)

1.

o0 s LN

Use foot pedal to raise handles into starting position.
Grasp handles with parallel grip.

Keep head back and torso erect.

Press bars forward in controlled fashion.

Lower resistance slowly, keeping elbows wide.

Stretch in bottom position and repeat pressing movement.

128



Rowing Torso Machine

(Nautllus)

(Deitoids and trapezius)

1.

00N

Sit with back toward weight stack.
Place arms between pads and cross arms.

Bend arms in rowing fashion as far back as possible.

Pause.
Return siowly to starting position and repeat.
important: Keep arms parallel to floor at all times.

129
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BEHIND NECK PULLDOWN

(Latissmus dorsi, posterior deltoid, biceps, brachialls,

teres major, and teres minor)

The BNP Qas performed on a Universal high pulley exerclse
station. The subject sat on a small stool facing the weight
stack and perfo;med the exercise as follows:

1. An overhand, shoulder-width grip was used.

2. The subject leaned forward and pulled the bar
downward to a position at the base of thé neck.

3. After a brief pause, the bar was returned to the
starting position.
* Pressure was applied to the sugject's shoulders, if

necessary, to keep him from raising off the stool.
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AGE (YRS);

11.
12.
13.
14,
15.
16.
17.
18.
19.
20.

BA
NB
DB
sC
DC

TC

SF
GG
SJ
AK
ML
JN
DO
Ss
MS
cT
DwW
DW

BY

AGE

33
31
34
34
33
28
25
31
26
31
29
29
34
34
25
29
30
34
32
34

10-RM Muscular strength of Active Men

Data for Men 25 to 34 Years of Age

HT (IN); WT, LP, LE, LC, DP,
HT WT LP LE LC
67.25 163.0 125 115 65
69.00 170.0 190 120 80
70.00 175.0 140 130 75
66.75 143.0 170 160 70
'71.50 217.0 170 115 85
74.50 174.0 110 85 55
67.50 175.0 180 145 90
71.00 188.0 155 135 80
72.50 176.0 145 130 70
70.00 163.0 140 90 60
70.75 217.0 120 110 65
74.00 246.0 220 140 110
72.50 185.0 145 110 60
74.25 179.0 110 100 60
71.25 185.0 160 110 70
76.75 176.0 180 140 75
67.75 132.0 90 80 SO
76.75 185.0 110 130 90
68.50 167.0 200 130 60
71.00 169.0 180 100 70

ROW,

DP

95

120
115
100
105
95

115
135
115
125
100
130
95

105

100

105
75

105
100
105

BNP (LBS)
ROW BNP
60 130
45 125
40 110
55 100
65 130
45 75
45 125
75 150
50 120
50 130
60 110
65 140
50 105
50 130
45 110
60 125
30 90
60 120
40 110
50 110

132

RPE
14
154
10
14
13
14

15
15
15
11
12

16
14
12
15
15
13
14



21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
31.
38.
39.
40.

JC

sD

JD

DD

BE

JG

RH

MJ

JM

GM

JM

BP

PR

MR

BS

MS

SS

BwW

AGE
35
41
40
41
35
35
35
41
42
39
38
39
40
37
42
40
39
38
35
43

10-RM Muscular Strength of Active Men

Data for Men 35 to 44 Years of Age

HT
67.00
70.25
70.25
72.25
74.50
71.25
70.00
70.50
67.75
66.00
70.00
70.00
70.25
66.50
68.75
66.75
71.25
68.75
72.25
68.75

WT
154.0
163.0
192.0
155.0
203.0
188.0
192.0
191.5
158.0
150.0
187.0
155.0
213.0
169.0
194.0
155.0
201.0
140.0
197.0
160.0

LP

120
120
150
100
140
150
170
150
130
135
140
150
160
200
130
100
150
140
140
125

LE

110
80

130
75

170
140
155
170
110
100
100
150
120
120
100
90

130
120
115
110

LC
65
60
80
45
100
90
80
60
70
70
70
60
75
70

65

60 -

100
70
75
65

DP
95
130
120
70
85
135
95
110
100
90
110
105
100
130

- 100

75
100
100
95
85

ROW
55
55
70
45
60
70
50
60
50
50
55
45
50
65
55
45
65

35

50

BNP
95

125
125
100
130
150
110
120
120
105
110
120
110
130
110
90

120
130
110
100

133

RPE
13
13
13
11
15
17
13
14
12
13
13
10
13
11
11
14
15
13
12
14



41.
42.
43,
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.
58.
59.
60.

MB

TC

WD

GD

JE

GF

JF

JH

WH

PH

GH

LJ

JK

HL

JL

BM

RS

AV

14

Cz

AGE
46
50
50
46
51
49
46
45
52
45
51
51
47
48
45
54
45
46
47
47

10-RM Muscular strength of Active Men

Data for Men 45 to 54 Years of Age

HT
71.00
70.25
73.5

68.25.
.70'5

73.50
71.00
70.25
73.00
71.75
72.50
70.75
69.50
73.00
73.75
70.75
69.50
69.75
69.25
72.50

wT
221.0
164.0
172.0
161.5
197.0
216.0
259.0
176.0
177.0
177.0
211.0
211.0
195.0
213.0
173.0
271.0
173.0
169.0
196.0
194.0

LP

165
190
115
100
110
145
120
110
130
135
130
140
190
90

145
180
135
165
120
110

LE
120
70
85
85
90
110
90
90
100
100
80
130
130
80
100
110
95
150
75
90

LC
75
50
55
50
60
55
60
60
60
70
65
60
60
40
60
60
55
85
45
50

DP
90
90
60
70
95
75
75
65
100
75
80
110
120
60
95

130
100

95
100
70

ROW
50
40
40
40
80
55
55
45
45
50
45
45
60
35
55

75

40
65
50
45

BNP
100
85
80
85
100
95
90
75
120
115
85
115
110
80
120
150
110
115
80
90
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RPE
12
13
11
12
13
10
13
12
11
13
12
13
13

12
14
10
13

11



61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
717.
78.
79.
80.

JB

PB

RB

TC

JE

DE

RG

BH

KH

IK

JK

JM

LN

CN

LN

PR

DS

Js

BS

RZ

AGE
61
61
59
64
62
62
63
59
55
59
62
64
59
57
59
57
62
62
62
61

10-RM Muscular strength of Active Men

Data for Men 55 to 64 Years of Age

HT
71.75
71.00
65.25
67.50
69.00
70.75
67.50
72.50
70.25
69.75
70.00
70.50
68.50
70.50
68.75
69.75
72.50
70.25
67.50
69.75

WT
184.0
158.0
159.0
147.0
190.0
168.0
173.0
165.0
148.0
171.0
225.0
156.0
187.0
164.0
181.0
154.0
168.0
174.0
177.0
172.0

LP
100
90
110
95
90
130
100
100
80
140
130
90
105
125
170
105
110
90
110
90

LE
80
75
75
70
75
80
70
70
65
130
100
90
90
80
200
65
75
70
85
65

LC
50
50
45
50
35
40
40
45
45
70
60
50
50
45
70
45
45
45
50
55

DP
75
50
80
55
65
70
50
80
55
95
90
70
55
65
130

-~ 50

75
65
85
60

ROW
45
40
50
40
40
45
30
40
35
60
40
35
40
40
70
35
40
50
40
40

BNP
90
80
95
80
75
110
70
85
70
100
90
90
70
80
140
70
90
100
100
70
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RPE
13
13
12

13
13
11
11
13
11
15
12
12
13
13
13
11
12
11



12.
13.
14.
15.
16.
17.
18.
19.
20.

BA

NB

DB

sC

DC

TC

CF

SF

GG

SJ

AK

ML

JN

DO

ss

MS

CcT

DW

DW

BY
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Activity Levels and Sstrength Training History

of Active Men:

Primary
Activity

Swimming
Swimming
Cycling

Multiple
Multiple
Multiple
Swimming
Swimming
Running

Swimming
Multiple
Multiple
Running

Multiple
Swimming
Swimming
Running

Running
Multiple
Multiple

'86
3
3

Activity Level

'82-'86
4
2

'77-'81
4
2

25 to 34 Years of Age

Strength
Training
Time Frequency
(yrs) Times/wk
17 2-3
1 3
.5 3
2 2-3
2 2
2.5 2-3
10 3
15 1
7 3
0 0
3 3
10 2
0 0
5 3
5 2-3
0 0
5 2
8 3
2 1-2
8 2



21.
22.
23.
24.
25.
26,
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

JC
SD
JD
DD

BE

JG
RH
MJ
JM
GM
JM
BP
PR
MR
BS
MS
SSs

BW
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Activity Levels and Strength Training History

of Active Men: 35 to 44 Years of Age

Strength

Training
Primary Activity Level Time Frequency
Activity '86 '82-'86 '77-'81 (yrs) Times/wk
Racqg'ball 3 4 4 0 0
Running 3 3 1 1 3
Running 3 3 2 2 2
Swimming 3 3 3 2 3
Running 3 3 3 0 0
Multiple 3 3 3 5 2
Running 3 3 2 | 15 1-2
Aerobics 3 3 3 20 3-4
Running 3 2 3 0 0
Aerobics 3 2 2 1 2
Racq'ball 3 4 3 .25 2
Racq'ball 3 3 2 5 3
Multiple 3 3 2 . 2 2
Running 3 3 3 15 2
Running 3 3 2 0 0
Swimming 3 2 1 0 0
Aerobics 3 3 2 3 2
Running 3 3 3 18 2-3
Running 3 3 2 .25 2-3

Running 3 4 3 3 2
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Activity Levels and Strength Training History

of Active Men: 45 to 54 Years of Age

Strength
Training
Primary Activity Level Time Frequency
Actlivity '86 '82-'86 '77-'81 (yrs) Times/Wk

41. MB Aeroblcs 3 3 2 0 0
42. TC Multiple 3 3 4 0 0
43. WD Racq'ball 3 1 2 0 0
44. GD Running 3 3 3 0 0
45. JE Running 4 4 3 4 3-4
46. GF Multiple 3 3 3 1.5 2
47. JF Racq'ball 3 3 3 .5 2
48. JH Multlple 3 3 2 3 1
49. WH Running 3 3 2 .25 2
50. PH Multiple 3 3 3 7 2-3
51. GH Multlple 3 3 3 2 2
52. LJ Multiple 4 4 3 . 36 2
53. JK Multiple 4 4 4 : 10 2
54. HL Running 3 3 3 0 0
55. JL Multiple 3 3 3 12 3
56. BM Racq'ball 3 2 2 0 0
57. RS Running 3 3 4 0 0
58. AV Handball 4 4 3 2 1
59. PW Running 3 3 2 3 3
60. C2 Racq'bail 3 3 2 0 0



61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

JB

PB

RB

TC

JE

DE

RG

BH

KH

IK

JK

JM

LN

CN

LN

PR

DS

Js

BS

RZ
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Activity Levels and Strength Training History

of Active Men: 55 to 64 Years of Age

Strength

Training
Primary ~ Activity Level Time Frequency
Activity ‘86 '82-'86 '77-'82 (yrs) Tines/Vk
Racqg'ball 3 3 2 3 3
Running 3 3 2 0 0
Racq'ball 3 3 3 0 0
Handball 4 4 4 0 0
Racq'ball 3 3 3 0 0
Racqg'ball 3 2 2 2 2-3
Swimming 3 3 2 0 0
Running 3 3 3 0 0
Swimming 3 3 3 0 0
Multiple 3 3 3 3 3
Walking 3 3 3 0 0
Running 3 2 2 _ 0 0
Racg'ball 3 3 2 : 1.5 2-3.
Running 3 3 3 .5 3-4
Handball 3 3 3 30 3
Swimming 3 3 2 0 0
Swimming 3 3 3 0 0
Running 3 3 3 20 3
Running 3 3 2 0 0

Racqg'ball 3 2 3 1.5 3



10.
13.
16.
21.

25.

29.
35.
36.
41.
42.
43.
44.
54.
56.
57.
60.
62.
63.
64.
65.

67.

68.
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10-RM Strength of Active Men: 25 to 64 Years of Age

sJ

JN

MS

AA

DD

RH

PR

MR

MB

TC

GD

HL

BM

RS

Cz

PB

RB

TC

JE

RG

BH

Age
31
34
29
35
35
42
42
40
46
50
50
46
48
54
45
47
61
59
64
62
63
59

(Reasons for not Strength Tralning)

Primary
Activity

Swimming
Running
Swimming
Racqg'ball
Running
Running
Running
Swimming
Aerobics
Multiple
Racqg'ball
Running
Running
Racq'ball
Running
Racg'ball
Running
Racq'ball
Handball
Racqg'ball
Swimming

Running

Reason for not Strength Training
Likes aerobic type exercises
Cets strength from kayak paddling
Hates welghts

Lack of interest

Just began lifting

Dislikes machines

No time

Just began lifting

No specific reason

Does calisthenics

No speclific reason

No time

Doesn't feel it's necessary
No specific reason

Lack of motivatlion

Not interested

No specific reason

Not interested

Does calisthenlics

No specific reason

Just began lifting

No time



69.
71.
72.
76.
117.

79.

KH

JK

PR

DS

BS

Age
55
62
64
57
62
62
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(continued)

Reasons for not Strength Training

Primary
Activity

Swimming
Walking
Running
Swimming
Swimming

Running

Reason for not Strength Training
No time

No time

No time

Joint problems

No speclific reason

Don't want to increase bulk
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e VARIABLE %S - -
8Y GRuUP
«~NALYSIS GF VARIANGE
SOURLE O.Fe SUM OF SWUARES MEAN SQUARES F RAT]IU F PRQOB.
BETREEN GRUUPS 3 303490.9375 127830.3125 16.315 +0000
- - L1lnEaR 1 358501.5625 350501.5625 45.754 «0000
DEv.FRON LINEAG 2 24L939,375¢C 124 6875 1.596 «2097
QUAD. 1 226}2.6185 22612.8125 2.886 «09346
OEv.FRUP au:o. 1 2376.5625 376.5625 «3(3 «5834
WITHIN GRUUPS 14 595638.75C0 7835.3763
TOTVAL 79 978979.6875
’ §lAn9ARD STuliNIRD
GRUUP CCUNT HE AN DEvIATIUN ERKFUR MININUM MAX Inun 95 PLTV CUNF INT FLR MEAN
T 25 Y0 34 20 619.49CJ3 66,0695 1;.«2%6 ©15.0000 805.0C0 576'%2 [ I V] 652.6562
zz 10 gh 2C 602,595 Ta.ab8? 5 .(6-5.8_5 3!2.3808 ;15.830 565, 9 18 €39.40L31Y
16 54 28 52643 ‘g 89.7571 0.C703 45,000 05,6430 445.9924 Y 578.0076
85 70 64 23 eiu o288 97.49487 2lebuld 350.6000 760.0000 396.6192 VO 439.8304
TOVAL s G4l o4 75 350.0000 805.G000
— - UAMGRUUF EO OATA 111.3200 12,4460 523.66L4 TO 573.2106
. 10=RM STRENGTH OF ALVIvE MEW st /34/22. 15.33.12. FAGE 3
FILE WOTHEN {CREATION OATE = 87/047224)
e e ® @ ® ® ® o 8 v o ® ® @« ® @ ® ® @« ® » » e« ®a o U NE HAY ® @ ©« ¢« @« e o @ © o v o0 o e ® e o oo oo«
VARIABLE TS
-— MULTIPLE RANGE TEST
SCHEFFE PRoCEg
RANGES FUR THE 100 LEVEL -~
3.60 3.6u 3.60 .
- --THE RuhGES ABOVE WRE TABULAWR gﬁluts.
THE VALUS ACTUALLY CUMFARED WITH MEANCJ) -MELNLIY 1S..
«5916 * RANGE * SURT(1I/N(I) & 1/N(JY)
-nonanNEOU SUBSETS (SU3SETS CF GROUPSs WHUSE HIGHEZST and Loussr HEANS 00
0V ‘FFER BY MORE THAN THE SHORTEST SIGNFICANTY RANGE FuR
SUBSE OF THATY SIZe)
. SUBSET . 1 ) SUBSET 2 SUBSETYT 3
GROUP. LS T S GR0UP 35 Ty 4t 25 TQ 34
GlgxP 5“2?2;3066 MEAN 526.0000 NEAN 622.503¢ 619.,000¢C

KAt



VARIABLE RS

Y GROUP
SQUPCE 0.F. Sun
RETHEEN GRUUPS
& NEAR
V.FRCHM L IFAR
QUAD. TERN 1
UEV.FPUN QUAD. 1
WITHIN .. GRUUPS . 76
TOTAL 79
STANDARND
GrROUP CCUNT ME AN DEVIATIGN
25 10 34 20 26,7157 2.7636
35 T0 44 24& £3.7313 28710
45 YO 54 20 19.599% 3.6105
55 T0 64 2u 17.922% 3.530%
ToTaL LY 21 .6 864

UHGRUUFED DATA

10-24 STRENGTH OF ALTIVE MEN
FILE ACTHEN (CREATION DATE

AT/06722.)

VARIAILE RS
MULTIPLE RANGE TEST

SCHEFFF RUQEDUPE
OR THE .100 LEVEL -

ANALYSIS OF VARIANCE

OF SOQUARES MEAN SQUARES
632.5300 210.8367
66' 599.667
*33:8 R
2.238 «238
30.605 30 1605
785.5585 . 10.3363
1418.0686
STANDARD
ERROR MININUN
<6148 ll.kzsl
6635 18.768¢C
.;G?S 13 «5364
« 7395 3 r2
13.8572
737
87/0

e e =« ONE HAY e =« =
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SURSEY CF THAT $11€) At o
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HEAN 17,9225 19,5944 HEAN L 23,7079 AR
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20.398 .

F FROB.
«0000 e e
0 ‘re
<9988
6430
(0896 L
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22.3609 }o zs.gtbo
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Y

GRUUP
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PAGE
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10-RM SYRENGTH OF ACTIVE MEN

CPU TIME REQUIRED..
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10-RM STREWGTH OF ACTIvE MEN

CPU TINE REUUIRFD..
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.. 10-RM STRENGTH OF ACTIVE HEN
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o7 b/ ks - 03.15.03. FAGE
CubPUT TG LEHTER
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FREW NUMBER UF STRENGTH wORKLUTS FEK nEEK/
AT PRIMARY ACTIVITY/
- - et vALUE LABELS - oRuup €1325 T3 34-YEaRS (2135 FO 44 YEARS
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