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The purpose of this study was to compare the muscular

strength and endurance of thirty-two men 51 to 79 years of age who

engage in weight training (WT), aerobic training (AT), cross training

(CT), or no training (S). The design employed in the study was a 2x2

between subjects factorial design with weight training and aerobic

training as the two factors. A KIN/COM isokinetic dynomometer was

used to test muscular strength and endurance of the dominant leg

extensors and chest/shoulder complex. Strength of the leg

extensors and chest/shoulder complex were measured as peak torque

and peak force, respectively, at a velocity of 60 degrees/second.

Endurance of the same muscle groups was measured as the percent

decline over 50 continuous maximal contractions at a velocity of

180 degrees/second.

A two-way between subjects ANOVA and independent t-tests

were used to analyze the difference between mean muscular

strength and mean muscular endurance for each group. A significant

weight training effect was found for leg strength, with the WT and



CT groups (Weight Trained groups) exhibiting a greater peak torque

than the AT and S groups (Non-Weight Trained groups). Participating

in one of three training programs was found to have a significant

effect for chest and shoulder strength, with the WT, CT, and AT

groups exhibiting a greater peak force than the S group. However, no

significant difference was found between the WT, CT, and AT groups

for chest/shoulder strength. The WT group was found to have

significantly greater muscular endurance of the leg compared to the

S group. No other training effects were observed between any of the

groups for either muscular endurance test.
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Isokinetic Muscular Strength and Endurance of Active Men Over Age
50 Using Different Training Protocols

CHAPTER 1

INTRODUCTION

Two current trends as we move toward the 21st century are

the emphasis on health and fitness and the increasing population of

individuals over 65 years of age. Increasingly, more older

individuals are taking up different forms of exercise to maintain

health and well-being and to decrease the risk of common physical

problems resulting from cardiovascular disease, osteoporosis,

diabetes mellitus, and arthritis (Burdman, 1986). The increasing

number of older aged individuals has stimulated research on the

physiological effects of different types of exercise programs.

Aerobic training, has been the most common type of program

researched by exercise physiologists. It has also been the most

popular type of program prescribed by many exercise professionals

for the older adult. Recently the benefits of a weight training

program have been reported for adults 90 years of age (Fiatarone,

Marks, Ryan, Meredith, Lipsitz, & Williams, 1990). The primary

result of such a program is an increase and maintenance of muscular

strength, which has been shown to be important in gait speed in the

older individual (Fiatarone et al., 1990). Individuals who are unable

to participate in an aerobic training program due to an injury, a

deficiency in muscular strength, or other physiological disability
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may find an alternative program such as weight training to be

beneficial.

Purpose of the Study

The purpose of this study was to compare the muscular

strength and endurance of healthy, trained men 50 years of age or

older who engage in weight training, aerobic training, cross training,

or no training. While some studies have focused on the effects of

weight training on muscular strength of the aged individual

(deVries, 1970; Fiatarone et al., 1990; Frontera, Meredith, O'Reilly,

Knuttgen, & Evans, 1988; Larsson, 1982; Moritani & deVries, 1980),

none have studied the effects of weight training on the muscular

endurance of the older individual. Also, no studies were found which

compared the effects of weight training to the effects of aerobic

training on localized muscular strength and endurance of the older

individual.

Hypotheses

It was hypothesized that men 50 years or older who are weight

trained have greater muscular strength and endurance than men 50

years or older who are only aerobic trained or who are sedentary.

The dependent variables were muscular strength and endurance.

Peak torque of the leg extensors was measured in newton meters and

peak force of the shoulder/chest complex was measured in newtons

using a KIN/COM isokinetic dynamometer (see Appendix C). The

independent variables were weight training (present/absent) and

aerobic training (present/absent).
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The statistical hypotheses were:

Hypothesis 1

Men 50 years or older who are weight trained (weight trained

and cross-trained groups) have greater muscular strength than men

50 years or older who are not weight trained (aerobic trained and

sedentary groups).

Hypothesis 2

Men 50 years or older who are cross trained have muscular

strength not equal to men 50 years or older who are only weight

trained.

Hypothesis 3

Men 50 years or older who are aerobic trained have greater

muscular strength than men 50 years or older who are sedentary.

Hypothesis 4

Men 50 years or older who are weight trained (weight trained

and cross-trained groups) have greater muscular endurance than men

50 years or older who are not weight trained (aerobic trained and

sedentary groups).

Hypothesis 5

Men 50 years or older who are cross trained have muscular

endurance not equal to men 50 years or older who are only weight

trained.

Hypothesis 6

Men 50 years or older who are aerobic trained have greater

muscular endurance than men 50 years or older who are sedentary.
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Assumptions

It was assumed that:

1. Each subject was honest in answering the questionnaire

concerning his training program during the past year and activity

level during the past 10 years.

2. Each group represented its particular training background.

3. Each subject performed maximally during each strength and

endurance test.

Limitations

Awareness of limitations is necessary for interpreting the

results of the investigation. Limitations should be acknowledged

when generalizing the results of this study.

The limitations of the study were:

1. Because this was a cross-sectional study on training

effects, some differences in training background such as frequency,

intensity, and duration of the subject's primary activity could have

affected the results.

2. Self-motivation may have affected the results through

individual differences in fatigue tolerance level.

3. Because this study required subjects from a specific age

group and training background, it was limited by the availability of

such volunteers. Therefore, subjects in the age classes from 60 to

69 and 70 to 79 were not well represented.

4. Due to the lack of weight trained subjects 50 years of age

or older, all weight trained and cross trained subjects from this

study were participants in a circuit weight training program rather

than a resistive weight training program. A circuit weight training
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program involves little rest between sets and exercises and

therefore has a slight aerobic component and less of a strength

component.

5. Due to the lack of availability of subjects which met the

required criteria, statistical power could have been a factor

affecting the results.

Delimitations

This study was delimited to muscular strength and endurance

resulting from specific training protocols employed on healthy

males aged 50 and older.

Definition of Terms

For the purpose of the study the following definitions were

applied:

Aerobic Trained (AT). Individuals who performed regularly in

an aerobic activity a minimum of three times a week, for at least a

period of 20 to 30 minutes a session as recommended by the

American College of Sports Medicine.

Cross Trained (CT). Individuals who participated regularly in

an aerobic activity a minimum of three times a week, 20 to 30

minutes a session and also a weight training program which included

training the legs, chest, and shoulders a minimum of three times a

week.

Dominant Leg. The leg used by the subject when kicking a ball.

Dominant Arm. The arm used by the subject when throwing a

ball.

Isokinetic Training. A method of muscular strength and

endurance training in which a special apparatus is used and where
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the speed of movement is held constant throughout the range of

motion of the exercise regardless of the muscle tension developed.

(Cybex and KIN/COM are two familiar brand names of this type of

apparatus.)

Isometric Training. A method of strength training in which

muscle tension occurs, but there is no change in the position of the

body segments involved (also referred to as static training).

Isotonic Training. A widely used form of muscular strength

and endurance training where a constant amount of muscle tension

exists throughout a range of motion of an exercise (also referred to

as phasic or dynamic training).

Muscular Strength. Peak torque or peak force output of a

muscle group using the KIN/COM isokinetic dynamometer set at a

velocity of 60 degrees/second.

Muscular Endurance. The ability of a muscle group to maintain

a torque or force output during 50 continuous maximal repetitions

using the KIN/COM isokinetic dynamometer set at a velocity of 180

degrees/second.

Non-Weight Trained Groups. Both aerobic trained and

sedentary subjects.

Older Adult . Those who have reached the chronological age of

50 years. It is after this age that the greatest decline in muscle

tissue and strength occurs (Bee, 1987).

Sedentary Subjects (S). Healthy individuals, but a sedentary

life style and history of nonparticipation in any regular exercise

program.
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Weight Trained (WT). Individuals who performed regularly in a

weight training program which included training the legs, chest, and

shoulders a minimum of three times a week.

Weight Trained Groups. Both the weight trained and cross

trained subjects.
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CHAPTER 2

REVIEW OF LITERATURE

Ostrow (1984) described physical fitness as "involving

circulatory-respiratory efficiency, muscular strength and muscular

endurance, flexibility, and neuromuscular integrity" (p. 40). Of these

five components, only one, circulatory-respiratory efficiency, has

received substantial attention concerning its effects on the older

adult.

The intention of this study was to investigate the benefits of

physical activity on the muscular strength and endurance of the

older adult. Ostrow (1984) defined muscular strength as "the

strength of the muscles evident in a single maximum contraction" (p.

42); Clarke (1977) defined muscular endurance as the capacity of

the muscles to perform continuous work. Recently there has been an

increasing number of studies investigating the development of

muscular strength and endurance in older adults. These studies have

differed in several ways, including the specific muscle or muscle

groups studied, the mode of strength and endurance measured

(isokinetic or isometric), and the subject's activity history. This

review concentrated on research related to the physiological aging

process, the role of exercise in retarding the aging process, and past

research concerning muscular strength and endurance.

General Physiological Aging Process

The term "aged" has been associated in a negative way with

illness (Burdman, 1986). Recent studies, however, have helped
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remove this stereotype. While research on aging has identified

numerous physiological declines with age, it also has shown that

many older adults are quite healthy (Burdman, 1986). Biological

aging occurs at different rates for each individual; and within each

individual, each internal organ ages at a variable rate (Burdman,

1986). Burdman (1986) pointed out that it is difficult, but

important, to distinguish between the normal biological aging

process and changes caused by "individual vulnerabilities." Aging

changes can be attributed to several factors, including sex, heredity,

environment, and lifestyle (Burdman, 1986), but it remains unclear

as to the effect of each on longevity (Piscopo, 1985).

Several biological theories attempt to explain the aging

process. The Gene Theory claims that activation of a gene in later

life causes an inability of the system to continue functioning

(Ostrow, 1984). The Running-Out-Of-Program Theory states that the

cell only has a given quantity of genetic material and once it is

depleted failure in the organism occurs (Burdman, 1986). Hayflick

(1979), supported this theory based on his studies of the aging cell

and his observations that the ability of a cell to divide decreases

with time. This decrease is thought to be the result of a mutational

change in the chromosome of the cell causing synthesis of the wrong

proteins. This, in turn, interrupts the production of important

enzymes required to maintain the cell (Piscopo, 1985).

The Free Radical Theory, considered a microscopic theory,

(Hooyman & Kiyak, 1988) again involves the gene. This theory holds

that chemical waste products of the functioning cell damage genetic

mechanisms as well as energy sources (adenosine triphosphate),
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preventing normal protein synthesis from occurring. This reportedly

leads to negative alterations in connective tissue, skin, heart

function, neurons, and the musculoskeleton (Piscopo, 1985).

In addition, the Autoimmune Theory concludes that failure of

the immune system late in life causes the body to turn on itself.

Antibodies directed toward the body, rather than foreign substances,

are thought to result in diseases such as adult onset diabetes,

rhummatoid arthritis, anemia, and cancer (Burdman, 1986). Other

theories, such as the Wear-and-Tear theory, use an analogy of the

parts of the body to the parts of a machine, simply stating that the

body eventually wears out. This macroscopic theory believes the

cause to be a depletion of chemicals and the inability of neurons to

regenerate themselves (Hooyman & Kiyak, 1988).

No one theory can fully explain the entire aging process. It is

probably the result of a combination of the biological theories

together with a number of psychological and sociological theories.

There is little doubt that it occurs as a result of many factors

contributing to both the interaction of genes and the environment

(Piscopo, 1985).

Age-Related Cardiorespiratory Changes

Cardiorespiratory function has been reported to decline with

age (Piscopo, 1985). This decline may be caused by the decreased

ability of the heart and lungs to utilize oxygen (Astrand & Rodahl,

1986). Coronary arterial circulation decreases due to a reduction in

the elasticity of the arteries (Burdman, 1986). The decreased

function of the lungs can be attributed to reduced pliability and

elasticity of the thoracic cage and chest wall (Piscopo, 1985),
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weakened intercostal muscles, and inefficient emptying of the lungs

(Ostrow, 1984). Piscopo (1985) reported that internal rigidity of

the lungs is caused by the loss of cells and the increased

replacement of collagen substances. He also attributed the decline

in aerobic capacity with age to a reduction in the rate of metabolic

processes.

Astrand and Rodahl (1986), in a cross-sectional study of

sedentary men, reported that maximum oxygen intake declined 10%

for each decade after 20 years of age. deVries (1977), in a study of

sedentary men aged 25 to 68, reported a decrease in both maximal

heart rate and cardiac output with age. Decrease in cardiac output

is a result of both lowered heart rate and smaller stroke volume

(Burdman, 1986).

Muscle Changes in the Aging Process

Gutman and Hanzlikova (1972) reported that morphological

muscle changes do not appear until after the sixth decade, and that

disuse is the largest factor causing these changes. Atrophy of

muscle tissue can occur rapidly in the young or old when muscles are

not used (Piscopo, 1985). Muscle weight and density are reported to

decrease with age (Piscopo, 1985). Gutman and Hanzlikova (1972)

demonstrated that a reduction in muscle fiber size and number

occurs with age. They attributed the reduction to a decrease in the

maintenance function of motor neurons and speculated that it might

be related to protein synthesis within the nerve cell body.

Decreased maintenance in the nerve may cause degeneration of the

motor-end plate, followed by the disappearance of trophic

influences (neurotransmitters) of the motor nerve on its target
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fibers (Gutman & Hanzlikova, 1972). Gutman and Hanzlikova (1972)

used the term "functional denervation" to describe this aging

process, which results in atrophy following the lack of sufficient

neurotransmitter. In addition to inactivity and normal biological

processes, the decline in muscular strength has been attributed to

disease and poor diet (Brown & Cundiff, 1988). Fiatarone et al.

(1990) attributed the reduction in the number of type II fibers to

disuse, insufficient nutrition, and disease; however, the effect of

each of these factors on the degeneration of muscle is unknown

(Brown & Cundiff, 1988).

The greater age-related loss of muscle fiber type is in the

white fast twitch type II fibers (which are used for quick

movements) rather than the red slow twitch type I fibers (which are

used for endurance) (Larsson, Sjodin, & Karlsson, 1978). A greater

age-related loss of fast-type II fibers, compared to slow-type I

fibers, results in a greater decline in muscular strength, compared

to muscular endurance (Ostrow, 1984). Only slow twitch fibers are

present in newborn children, with differentiation and development

of fast muscle fibers from slow ones occurring during the early

period of physical growth and maturation (up to age 21) (Astrund &

Rodahl, 1986). However, as aging occurs, some fast twitch muscle

fibers "reassume" the characteristics and function of slow twitch

muscle fibers (Astrund & Rodahl, 1986).

Three studies, which looked at different muscle groups

(Johnson, 1982; Larsson & Karlsson, 1978; Montoye & Lamphiear,

1977), indicated that a relationship existed between age and

muscular strength and/or muscular endurance. In a grip strength and
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arm strength study of men (3,163) and women (3,345) aged 10-69

years by Montoye and Lamphiear (1977), the authors reported a small

decline in strength between the ages of 20 to 50 years, but a much

greater decline after age 50. Larsson and Karlsson (1978)

investigated muscular endurance of the quadriceps femoris of

sedentary men age 22 to 65 using a cybex II isokinetic dynamometer.

An earlier study (Simonson, 1977) had reported that muscular

endurance declines with age; however, their results revealed a

slight, albeit not statistically significant, increase in both

isometric and dynamic endurance with age. They also reported that

biopsies of muscle taken from the quadriceps of the study subjects

showed a decline in type II fibers with age, indicating a significant

correlation between decline in strength with atrophy of type II

fibers. They stated that "neither isometric endurance nor the

relative force decline correlated with maximum strength, while the

absolute force decline increased with an increasing maximal

dynamic strength" (p. 132). They concluded that endurance of the

knee extensors is inversely correlated to the percent distribution

and area of the fast twitch fibers.

Johnson (1982) measured age-related muscle changes in 30

healthy, moderately active women. The women performed both

isometric and dynamic strength and endurance tests of the quadricep

muscles on a cybex II isokinetic dynamometer. Johnson reported a

significant difference between the older (50 to 80 years) and

younger (20 to 29 years) groups on isometric and dynamic strength,

with the younger being stronger. No significant difference was

found on isometric and dynamic endurance between the two groups.
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Exercise. Aging. and Longevity

A regular exercise program is one of the beneficial health

habits that many individuals have undertaken. Recent research has

indicated that delayed physiological deterioration is a result of

participation in a regular exercise program (Brown & Cundiff, 1988).

Advances in medical technology have resulted in fewer deaths at a

younger age. But all people live longer, causing the incidence of

more chronic diseases in later years to rise. Exercise has been

associated with the reduced risk of chronic diseases which

eventually result in death (Brown & Cundiff, 1988). Brown and

Cundiff (1988) reported that calorie restriction has a positive

effect on longevity. They cited several studies which reported a

negative caloric balance increased the longevity of laboratory

animals. Since exercise expends calories, it too can be thought of as

a longevity enhancer. Brown and Cundiff (1988) indicated that

studies comparing exercise (calorie expenditure) to diet (calorie

restriction), showed exercise to have a smaller influence on

longevity than a calorie restricted diet.

In a study by Orlander, Kiessling, Larsson, Karlsson, and

Aniansson (1978), age related changes in skeletal muscle

metabolism were investigated. Muscle biopsies were taken from 56

sedentary men aged 22 to 65, as well as active men aged 66 to 76.

The older healthy active men were found to maintain as great a

metabolism as younger men, indicating that exercise can help retard

the muscle aging process and maintain the metabolic processes

necessary for sufficient muscular strength and endurance into older

age. Piscopo (1985) stated that "the positive effects of conditioning
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upon muscles are similar for all persons whether the individual is

young or old, male or female" (p. 81).

Since the turn of the century the life expectancy of an

individual has gone from 47 years to 75 (Hooyman & Kiyak, 1988).

Medical technological advances as well as improved health habits

are two primary reasons for this extension in life. The advances in

science and the increase in life expectancy bring with them many

social consequences and dilemmas. The increasing number of elderly

today and the projected increase in persons 65 years of age or older

in the next 50 years increase the needs of this population and the

financial cost to society. More services to help older people

maintain their health and social well being will be needed (Hooyman

& Kiyak, 1988). Higher demands by older people for employment and

leisure activities are expected, as well as a greater proportion of

individuals relying on and utilizing social security and medicare

(Hooyman & Kiyak, 1988).

Cardiovascular Exercise and Aging

Much of the research concerning cardiovascular exercise and

the older individual reported that a consistent program of aerobic

activity improves cardiorespiratory efficiency. Aerobic exercise

maintains chest wall elasticity and increases blood circulation

(Piscopo, 1985).

Shephard and Sidney (1979) performed a training study on men

(14) and women (28) aged 60 to 83 years old. They divided the

subjects into four groups and varied each group's frequency and

intensity of exercise (fast walking and jogging). The authors

reported that all subjects had a significant increase in predicted
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maximal oxygen consumption, with the highest intensity and

frequency group revealing the greatest increase in predicted

maximal oxygen consumption. They also reported a reduction in body

fat and a faster recovery heart rate following exercise. The study

indicated that aerobic training can retard age-related physiological

declines and improve physical fitness in older individuals (Shephard

& Sidney, 1979).

Strength Training and Aging

After physical maturation (age 15 to 21), all individuals

possess a certain ratio of fast twitch and slow twitch muscle

fibers. While training cannot change the ratio, it can increase the

muscle fiber size and metabolic rate (Piscopo, 1985). Research on

the effects of resistance weight training has shown that strength

can be significantly improved in the older adult (deVries, 1970;

Fiatarone et al., 1990; Frontera et al., 1988; Larsson, 1982;

Moritani & deVries, 1980). Astrand and Rodahl (1986) reported that

any continued physical activity retards, and up to a point,

temporarily inhibits the decrease of muscular strength.

In a study by Frontera et al. (1988), 12 healthy untrained men

aged 60 to 72 years showed significant strength gains associated

with muscle hypertrophy following 12 weeks of high intensity

strength training. Frontera et al. were the first to discover that

large strength improvements could be achieved in this age group.

Other researchers have reported smaller improvements for this age

group (deVries, 1970; Larsson, 1982; Moritani and deVries, 1980),

but this may have been due to their use of low to moderate training

intensities. In a study by Fiatarone et al. (1990), 10 male and
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female frail elderly subjects with a mean age of 90 years

experienced an increase in leg strength, ranging from 61% to 374%.

The group also had a mean increase in leg muscle size of 10% as a

result of an eight week lower-extremity high intensity weight

training program. The authors believed the subjects to be stronger

than they had been for many years prior to the completion of the

training program. The study revealed the ability to retard muscle

weakness associated with aging through progressive-resistance

weight training, which the researchers attributed to both

hypertrophy of muscle fibers and improvement of neural recruitment

patterns.

Muscular Strength Versus Muscular Endurance

Many studies have investigated the relationship of strength

and endurance. McGlynn (1969) found a significant relationship

between maximum isometric strength and endurance where an

individual with greater wrist strength could maintain a higher level

of strength for 100 seconds, but reported a negative correlation

when comparing maximum isometric strength with a percentage of

maximum isometric strength held for 100 seconds.

Clarke and Stull (1970) were among the first to differentiate

characteristics of a muscle for strength from those for endurance,

as a result of exercise. Their primary interest was the effects of

high intensity endurance training on muscular strength. A secondary

purpose of their research was to analyze the endurance of a muscle

following an intense training program. They found that 24 male

college students training on an arm-ergometer had an increase in

mean strength by 13% following seven weeks of intense endurance
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training. Endurance of the muscle appeared to be unchanged as a

result of the training; however, when fatigue curves were analyzed,

the initial fatigue rate was greater following the strength increase

resulting from the training. They speculated that the initial

strength level at the outset of the exercise session could have

created a greater amount of metabolic waste products, which

possibly accelerated the fatigue rate. Their findings were in

agreement with those of Kroll (1968), who found that stronger

subjects fatigued at a greater rate.

Carlson and McCraw (1971) compared isometric strength to

isometric endurance of the right forearm flexor muscles of 36 male

college students. They also found a negative correlation, reporting

that weak subjects performed the endurance measurement better

than stronger subjects using the light weight loads, with no

difference in endurance on heavy loads.

Thorstensson and Karlsson (1976) studied fatiguability and

fiber composition of human skeletal muscle. The authors used 10

male subjects aged 25 to 40 years with differences in fiber

composition of the vastas lateralis muscle and found that a higher

degree of fatigue occurred in those muscles which had a greater

percentage of fast twitch muscle fibers. This finding was supported

by Clarkson, Kamen, and Kroll (1980), who compared isometric

endurance and muscle composition of power and endurance athletes.

Clarkson, Kamen, and Kroll reported that the endurance athletes had

a greater number of slow twitch muscle fibers in the vastus

lateralis and gastrocnemius and a longer endurance time, compared

to the power athletes.
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Clarke and Stull (1970) pointed out that when the measured

criterion is maximal performance, rather than the maintenance of a

constant tension or the lifting of a proportionate load, somewhat

different results may occur. This was reemphasized by Vandervoort,

Hayes, and Belanger (1986) in their review of strength and endurance

of skeletal muscle in the elderly. They concluded from current

research that while there appears to be no change in the relative

ability of an individual to sustain voluntary muscle contractions of

brief duration, a weaker person, compared to a stronger person, may

find it more difficult to maintain a given weight load. The authors

gave an example of two persons holding a 12-kg suitcase, they

stated that, "an old person may have more difficulty than a young

adult in holding the same weight for a prolonged period" (p. 171).

MacDougall, Wenger, & Green (1982) stated that, "a high level

of strength enhances short-term, high intensity endurance, because

a given absolute force output can be maintained longer when it

represents a relatively smaller percentage of the maximum force

capability" (p.12). But, they stated that relatively low intensity

endurance may be decreased due to strength training. This

assumption was directed at three possible factors: (1) the greater

energy demand during work due to increased lean body tissue, (2) the

decreased oxidative capacity of the muscle, which has been reported

to occur from strength training (MacDougall et al., 1982) and (3) the

increased fast twitch fiber size which has been reported to cause

increased fatigue (Thorstensson and Karlsson, 1976). MacDougall et

al. (1982) stated that this result of a strength training program
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could be diminished with the simultaneous addition of an aerobic

training program.

Intensity and duration of endurance characteristics of

individual muscle groups were studied by Hoshizaki and Massey

(1986). The researchers studied the relationship of continuous and

isometric contractions on muscular endurance among specific

muscle groups and found significantly different endurance abilities

for each muscle (finger flexors, forearm extensors, forearm flexors,

plantar flexors, and dorsal flexors). They stated that "the

interaction reported for endurance values between muscle groups

and the type of muscle contraction suggests that endurance of a

particular muscle group is unique for the given task" (p. 234),

supporting the theory of specificity of training among muscle

groups.

The only study found to have investigated muscular strength

and endurance of young and older active persons (Laforest, St.

Pierre, Cyr, & Gayton,1990) compared tennis players to matched

sedentary individuals. The researchers measured muscular

endurance of the knee extensors, using a Cybex II isokinetic

dynamometer. Endurance was calculated using initial and final

torque outputs after 50 maximal contractions. While there were no

significant age or sex effects on endurance, the tennis players

demonstrated a significantly greater ability to maintain higher

torque levels throughout the 50 contractions. They stated that,

"although the results of this study cannot be generalized to other

types of sports activities, they do give credence to the health
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benefits of moderate exercise in the maintenance of muscle function

with age" (p. 110).

Summary

In summary, it has been reported that both aerobic capacity

(Astrand & Rodahl, 1989; deVries, 1977; Piscopo, 1985) and

muscular strength (Johnson, 1982; Larsson & Karlsson, 1978;

Montoye & Lamphiear, 1977) decline with age in sedentary

individuals. Studies indicated that both muscular strength (deVries,

1970; Fiatarone et al., 1990; Frontera et al., 1988; Larsson, 1982;

Moritani & deVries, 1980; Orlander et al., 1978) and cardiovascular

efficiency (Piscopo, 1985; Shephard & Sidney, 1979) can be

improved and maintained in the older adult through specific training.

It does not appear from current research that muscular endurance

decreases with age (Johnson, 1982; Larsson, 1982; Simonson,

1977; Thorstensson & Karlsson, 1976), but that it can possibly be

increased with activity (Laforest et al., 1990). However, no

research has been done aimed at determining the best method of

improving muscular endurance (Vandervoort et al.,1986). Research

has shown that muscle fibers play a critical role in strength and

endurance (Larsson & Karlsson, 1978; Larsson, 1982; Thorstensson

& Karlsson, 1976). A muscle containing a higher ratio of fast twitch

muscle fibers is stronger, but may be more susceptible to fatigue.

Increased muscular strength in an individual does not necessarily

result in an increase in muscular endurance and appears to be more

related to the type, intensity, and duration of training (Hoshizaki &

Massey, 1986). It also appears that localized muscular endurance is

specific to the individual muscle or muscle groups being observed
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(Hoshizaki & Massey, 1986). The relationship of strength and

endurance changes depending on whether it is discussed in relative

or absolute terms. Strength is important when referring to absolute

endurance, but has less of an affect when looking at relative

endurance (MacDougall et al., 1982).



23

CHAPTER 3

METHODS AND PROCEDURES

This chapter includes description of the subjects,

methodology, experimental design, and statistical analysis used in

this cross-sectional study on muscular strength and endurance of

healthy men aged 50 years and older from different training

backgrounds.

Subjects

Thirty-two healthy male volunteers aged 51 to 79 were

selected and placed into one of 4 groups (eight per group) based on

their previous year of training. Subjects were recruited from

Oregon State University staff and faculty, University fitness

classes, Corvallis area running and cycling clubs, and Corvallis area

residents.

Methodology

Instruments and Apparatus

Prior to group assignment, each subject filled out a special

history questionnaire concerning a normal week training regimen

during the past year and a profile on activity level for the past 10

years modified from Saltin and Grimby (1968) and Piscopo (1985)

(see Appendix A). A subject information sheet was used to record

all subject data, including age, group assignment, weight, height,

body composition, and strength and endurance data (see Appendix B).

Body composition was estimated indirectly with densitometry.

Hydrostatic weight was read from a Chatillion autopsy scale,
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accurate to the nearest 10 g. Residual volume was estimated based

on subject age, height, and weight (Digitealth computer program,

Kauffman, Lake Oswego, OR, 1984). Body density and percent body

fat were computed using the Digitealth computer program

(Kauffman, Lake Oswego, OR, 1984)).

Muscular strength and endurance was measured on a KIN/COM

isokinetic dynamometer (model #H5000, Chattecx Corporation,

Chattanooga, TN; see Appendix C) which has been proven to provide

reliable data by several researchers (r = .97 to .99) (Farrell &

Richards, 1986; Harding, Black, Bruulsema, Maxwell, & Stratford,

1988; and Smidt, Blanpied, & White, 1989).

Procedures

Prior to testing, each volunteer completed the activity history

questionnaire to ensure proper assignment into one of the four

groups and identify any medical problems or irregular training

habits that may have led to elimination from the study. Subjects

reported to the laboratory on two separate test days. At the first

test session, an informed consent form (see Appendix A) was read

and signed by each subject. The initial testing day involved

collection of height, weight, and body composition data.

1. Height and weight were measured according to the "V's Way

to Fitness" as described by Golding, Myers, and Shinning (1982).

a. Height was measured with the subject standing in

barefeet as tall as possible, heels, buttocks, and upper back pressed

against the wall, with the chin held level. A right angle was placed

on top of the head of the subject and against a ruler mounted on the

wall. Height was rounded to the nearest quarter inch.
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b. Land weight was measured with the subject in shorts

only, using a standard floor scale. Weight was rounded to the

nearest tenth pound.

2. Underwater weight was determined using the procedures

described by Goldman and Buskirk (1961).

a. Each subject was given complete instructions regarding

the underwater weighing procedures (Goldman & Buskirk, 1961).

b. The subject then climbed into the tank, removed as many

air bubbles from his body and swim trunks as possible, and seated

himself. He was instructed to keep his feet on the footrest and to

make sure he was not in contact with the tank wall.

c. If necessary, the chair in the tank was adjusted so that

the subject's chin was just out of the water. A weight belt was

applied across the subjects legs if necessary.

d. The subject was asked to stand in the corner of the tank

at approximately the same chin level as while seated. The tare

weight was zeroed and temperature of the water was recorded. The

subject was again asked to seat himself.

e. The subject was instructed to perform a maximum

expiration of the lungs and then bend forward from the waist until

his head was completely submerged underwater, expelling as much

of the remaining air as possible.

f. The subject held his breath for approximately five

seconds while the underwater weight was recorded. The subject

was then given a signal to return to the surface.

g. Two practice trials were performed followed by five to

six test trials, with the average of the three highest values within
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100 grams defining the subject's underwater weight (Bonge and

Donnelly, 1989). Ten to fifteen seconds was allowed between trials.

The second test session involved the collection of strength and

endurance measurements of each subject's dominant leg and

shoulder/chest complex using a KIN/COM isokinetic dynamometer.

Procedures upon entering the laboratory were as follows:

1. The protocol for measurement of isokinetic muscular

strength of the leg extensors was consistently explained to each

subject, basic overview of the KIN/COM isokinetic dynamometer was

presented, and any questions the volunteer had were answered.

2. The subject was given an opportunity to do a light lower

body warm up cycling for 5 minutes followed by stretching before

initiating the test.

3. Mechanical stops, which act as a backup to the manually

determined computer stop and start angles, were set. The

mechanical stops were positioned at just beyond the desired start

and stop angles (90 degrees knee flexion to 0 degrees full knee

extension).

4. The dynamometer was set at 0 degrees tilt, raised to place

knee axis of rotation in alignment with KIN/COM axis.

5. The table top was positioned forward with the subject

seated in an upright position, back and buttocks flush against the

back rest, legs hanging with knees bent comfortably at 90 degrees

flexion, and knee axis of rotation aligned with the KIN/COM axis.

6. The shin pad (#52090) was attached to the load cell on the

lever arm, positioned comfortably on mid to distal anterior leg so as
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not to slide up or down on the subjects leg through the range of

motion.

7. The shin pad position on the lever arm (cm) was entered

into the computer.

8. The subject was stabilized by placing the strap to the shin

pad around the leg, the thigh stabilization strap around the thigh, the

seat belt around the waist, and the wide velcro belt across the

chest.

9. The joint position of the knee in the extension phase was

measured with a standard goniometer (#238, Orthopedic Equipment

Co., Bourbon, Indiana) and entered into the computer, to set

anatomical reference.

10. Computer stop and start angles were set:

Stop Angle: 10 degrees

Start Angle: 80 degrees

11. Testing to determine isokinetic muscular strength of the

knee extensors was performed at a velocity of 60 degrees/second as

recommended by MacDougall, Wenger, and Brown (1982), from 80

degrees of knee flexion to 10 degrees knee extension. Following two

light warm-up trials, three test trials were performed, with the

highest value of the three test trials defining peak torque. A 45

second rest period was given between each test to ensure adequate

recovery time. A timer was used to ensure a consistent rest period

for each subject between tests and trials.

12. The subject had access to the "Patient Interrupt Switch"

throughout the entire testing session. This allowed the subject to
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shut down the power to the KIN/COM dynamometer head when

depressed.

13. The subject was reminded to breath properly during all

test trials to prevent severe increase in interthoracic pressure.

14. The subject was reminded to give maximum effort

throughout the entire test, and verbal motivation cues such as

"explode," "accelerate," and "kick" were given, when appropriate,

throughout the test session.

15. Following a 3-minute rest period the protocol for the

measurement of isokinetic muscular endurance of the knee extensors

was consistently explained to each subject.

16. Testing to determine isokinetic muscular endurance of the

knee extensors was performed at a velocity of 180 degrees/second

(MacDougall,Wenger, & Green, 1982) from 80 degrees knee flexion to

10 degrees knee extension and back to 80 degrees knee flexion

(endurance of the knee flexors was not measured). Following two

light warm-up trials, the subject performed one test trial of 50

continuous maximal repetitions in an all out effort. The percent

decline in torque over the 50 contractions was calculated and

expressed as a fatigue index, defining muscular endurance

(Thorstensson and Karlsson, 1976).

17. The protocol for measurement of isokinetic muscular

strength of the chest and shoulder (arm press) was consistently

explained to each subject.

18. The subject was given an opportunity to do a light upper

body warm-up (arm circles and stretching).
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19. The mechanical stops were positioned at just beyond the

desired start and stop angles (40 degrees arm flexion to 0 degrees

full arm extension).

20. The forearm grip (#70187) was attached to the load cell

on the lever arm and positioned consistently at 39 cm for each

subject.

21. The forearm grip position on the lever arm (39 cm) was

entered into the computer.

22. The dynamometer was set at 0 degrees tilt and raised to

place the hand and shoulder parallel with the floor with the arm at

50 degrees.

23. The table top was positioned forward with the subject

seated in an upright position, back flush against the back rest, legs

hanging with knees bent comfortably at 90 degrees flexion, with the

axis of the KIN/COM aligned vertically with the front of the table

top.

24. The subject was stabilized by placing the seat belt around

the waist and the wide velcro belt across the chest.

25. Joint position in flexion was measured with a standard

goniometer (#238, Orthopedic Equipment Co., Bourbon, Indiana) and

entered into the computer to set anatomical reference.

26. Computer stop and start angles were set:

Stop Angle: 85-95 degrees (depending on arm length)

Start Angle: 45 degrees

27. Testing to determine isokinetic muscular strength of the

chest and shoulder (arm press) was performed at a velocity of 60

degrees/second. Following two light warm-up trials, three test
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trials were performed with the highest value of the three test trials

defining peak muscular strength. A 45 second rest period was given

between each test to insure adequate recovery.

28.. Following a 2-minute rest period, the protocol for the

measurement of isokinetic muscular endurance of the chest and

shoulder (arm press) was consistently explained to each subject.

29. Testing to determine the isokinetic muscular endurance of

the chest and shoulder (arm press) was performed at a velocity of

180 degrees/second (endurance during the shoulder/arm pull phase

of the test was not measured). Following two light warm-up trials,

the subject performed one test trial of 50 continuous maximal

repetitions in an all out effort. The percent decline in torque over

the 50 contractions was calculated and expressed as a fatigue index,

defining muscular endurance (Thorstensson and Karlsson,1976).

Experimental Design

The design employed in the study was a 2x2 between subjects

factorial design with weight training and aerobic training as the

two factors. Each subject met the parameters set for his particular

group assignment and represented that group as defined in the

definition section. All subjects were at least 50 years of age, and

the average age of each group was similar. Equipment was

calibrated prior to testing to ensure that accurate data were

collected for each subject. Room temperature of the lab was kept at

a comfortable 22 degrees celcius and the humidity 60% or less

throughout the entire testing session. All data collection and

measurements were performed by the same test administrator to

ensure consistency. All procedures were read and demonstrated
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consistently for each subject during all testing sessions. Subjects

were asked to continue their normal training routine throughout the

study but to refrain from training on the test day prior to arriving at

the laboratory. Subjects also were asked to refrain from eating at

least 2 hours prior to arriving for the second test session. All tests

were performed on each subject's dominate limb for test

consistency. Data entered into the computer were double checked

with the original subject data sheets.

Statistical Analysis

A two-way between subjects ANOVA was used on a

STATGRAPHICS computer package (Statistical Graphics Corporation,

Rockville, MD, 1987) to analyze differences between mean muscular

strength and endurance scores by two training conditions, weight

training (present/absent) and aerobic training (present/absent).

Muscular strength comparisons were expressed as strength to body

mass ratios (MacDougall et al., 1982) Muscular endurance

comparisons were expressed as the percent decline during 50

maximal contractions based on 3 early contractions and 3 final

contractions (Thorstensson and Karlsson,1976). An alpha of .05 was

used to show a statistical difference within 1.50 standard

deviations from the mean for a power of .70 (eight subjects per

group) (Kirk, 1982).

The null hypothesis was that different training protocols

would result in no differences in the muscular strength of the leg

extensors and the chest/shoulder press, and no differences in the

muscular endurance of the leg extensors and chest/shoulder press.
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CHAPTER 4

RESULTS & DISCUSSION

The purpose of this study was to compare the muscular

strength and endurance of healthy, trained men 50 years of age or

older who engage in weight training, aerobic training, cross training,

or no training. Subjects were divided into four groups based on

training background: Aerobic Trained (AT), Weight Trained (WT),

Cross Trained (CT), and Sedentary (S). This chapter presents the

main findings of the study as well as a discussion of the statistical

results. A two-way ANOVA was used to analyze differences

between mean muscular strength and endurance scores by two

training conditions, weight training (present/absent) and aerobic

training (present/absent). Independent t-tests were used to

compute the means, standard deviations, and t-test value for each

variable between all four groups.

Muscular strength comparisons were expressed as strength to

body mass ratios (MacDougall et al., 1982). Muscular endurance

comparisons were expressed as the percent decline during 50

maximal contractions based on 3 early contractions and 3 final

contractions (Thorstensson and Karlsson,1976). An alpha of .05 was

used to show a statistical difference within 1.50 standard

deviations from the mean for a power of .70 (Kirk, 1982).

Significant interactions were analyzed using the Tukey HSD

Procedures.
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The null hypothesis was that different training protocols

would result in no differences in the muscular strength of the leg

and the chest/shoulder, and no differences in the muscular

endurance of the leg and chest/shoulder of men 50 years of age or

older.

Results

Comparison Data There were no significant differences in age,

weight, height, or lean body mass between the four groups; however,

the three exercise groups had a significantly lower percent body fat

than the sedentary group (F(28)=5.59, p=.004) (see Table 1).

Strength Data

A two-way analysis of variance, at a significance level of .05

was used to determine the statistical difference between weight

trained groups and non-weight trained groups. Because body stature

may influence strength production, an attempt was made to correct

for group differences in body mass by expressing torque and force

output by kilogram of body mass.

The analysis of variance showed a main effect of weight

training for leg strength (F(28) =5.1 1, p=.032), with no significant

interaction (F(28)=.046, p>.05), indicating that the WT and CT groups

had greater leg strength than the AT and S groups (see Table 2 &

Figure 1). No main effect of aerobic training was found for leg

strength.

The means, standard deviations, and the t-test value were

computed for leg strength between the WT and CT groups and the AT

and S groups (see Table 3 & 4). The t-tests indicated no significant
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difference between the WT and CT groups [t(14) = -.53, p > .05] and

no significant difference between the AT and S groups [t(14) = .84, p

> .05] for leg strength.

The two-way ANOVA on the chest/shoulder strength data

showed a main effect of weight training (F(28)=8.57, p=.007), with a

significant interaction (F(28)=4.55, p=.042) (see Table 5 & Figure 2).

A Tukey HSD multiple comparison test found that the WT and CT

groups exhibited significantly greater peak force than the S group.

No main effect of aerobic training was found for chest/shoulder

strength.

The means, standard deviations, and the t-test value were

computed for chest/shoulder strength between all four groups (see

Tables 6-11). The t-tests indicated no significant difference

between the WT and CT groups [t(14) = .70, p > .05], no significant

difference between the WT and AT groups [t(14) = -1.11, p > .05], and

no significant difference between the CT and AT groups [t(14) = -.59,

p > .05] for chest/shoulder strength. However, the t-test indicated a

significant difference between the WT and S groups [t(14) = 3.42, p <

.01], a significant difference between the CT and S groups [t(14) =

2.84, p < .05], and a significant difference between the AT and S

groups [t(14) = 2.02, p < .05, one-tailed probability] for

chest/shoulder strength.

Endurance Data

A two-way analysis of variance, at a significance level of .05

was used to determine whether there were differences between the

weight trained groups and the non-weight trained groups. All
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subjects were able to perform the 50 maximal contractions for the

endurance tests at 180 degrees/second.

The two-way ANOVA showed no significant main effect of

weight training for leg endurance (F=(28).849, p>.05), but a

significant interaction (F(28)=4.16, p=.05) (see table 12 & Figure 3).

However, although the calculated variance indicated a significant

interaction for leg endurance, a Tukey HSD multiple comparison test

was unable to realize this interaction at the .05 level. No main

effect of aerobic training was found for leg endurance.

The means, standard deviations, and t-test values were

computed for leg endurance between all four groups (see Tables 13-

18). The t-test analysis indicated no significant difference between

the WT and CT groups [t(14) = -1.41, p > .05], no significant

difference between the WT and AT groups [t(14) = .30, p > .05], and no

significant difference between the CT and AT groups [t(14) = -.81, p

> .05] for leg endurance. The t-test analysis also indicated no

significant difference between the AT and S groups [t(14) = -1.57, p

> .05] and no significant difference between the CT and S groups

[t(14) = -1.08, p > .05] for leg endurance. However, the t-test

analysis did indicate a significant difference between the WT and S

groups [t(14) = -1.97, p < .05, one-tailed probability] for leg

endurance.

The two-way ANOVA showed no significant main effect of

weight training or aerobic training for chest/shoulder endurance

(F(28)=1.20, p>.05), and no significant interactions (F(28)=1.06,

p>.05) (see table 19).
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The means, standard deviations, and the t-test value were

computed for chest/shoulder endurance between the WT and CT

groups and the AT and S groups (see Tables 20 & 21). The t-test

analysis indicated no significant difference between the WT and CT

groups [t(14) = 2.06, p > 05] and no significant difference between

the AT and S groups [t(14) = -.11, p > .05) for chest/shoulder

endurance.
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Table 1. Means and Standard Deviations for Subject

Descriptive Data

GROUP Al
(years)

WEIGHT

(kg)

HEIGHT

(cm)

BODYFAT

( cyo )

LEAN BODY
MASS
(kg)

AEROBIC M=59.1 M=78.7 M=174.8 M=21.0 M =61.2
TRAINED

n=8
SD=8.8 SD=16.3 SD=5.0 SD=5.9 SD=9.5

WEIGHT M=57.8 M=86.1 M=180.5 M=20.3 M=68.4
TRAINED

n=8
SD=8.4 SD=11.8 SD=6.0 S D=5.4 SD=8.7

CROSS M=59.1 M=78.9 M=177.3 M=20.0 M=62.3
TRAINED

n=8
SD=6.2 S D=4.7 SD=7.6 SD=3.8 SD=3.5

SEDENTARY M =61.0 M=82.7 M=176.6 M=28.3 M=59.1
n=8 SD=7.3 SD=12.5 SD=8.8 SD=3.3 SD=7.8

Table 2. Analysis of Variance between Two Training

Conditions on Leg Strength to Body Mass

Source of Variation as

Main Effects 1.23
Weight Tr (n=16) 1.04
Aerobic Tr (n=16) .19

2-way
Interactions .01

WT AT .01

Explained 1.24

Residual 5.71

Total 6.95

DF F
Signif
of F

2 .62 3.02 .065
1 1.04 5.11 .032*
1 .19 .94 .342

1 .01 .046 .831
1 .01 .046 .831

3 .41 2.03 .133

28 .20

31 .22

Decision: Null hypothesis was rejected.*

*Significant at the .05 level.
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Figure 1. Ratio Means for Leg Strength to Body Mass

Table 3. T-test Values for Weight Trained and Cross

Trained Groups on Leg Strength

Group Mean S.D.

Weight Trained (n=8) 2.10 .43

Cross Trained (n=8) 2.22 .48 -.53(df=14)

t-value

Decision: Null hypothesis was not rejected.
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Table 4. T-test Values for Aerobic Trained and

Sedentary Groups on Leg Strength

Groin Mean S.D. t-value

Aerobic Trained (n=8) 1.89 .54

Sedentary (n=8) 1.70 .33 .84(df=14)

Decision: Null hypothesis was not rejected.

Table 5. Analysis of Variance between Two Training Conditions on

Chest/Shoulder Strength to Body Mass

Signif
Source of Variation asa DF MS F of F

Main Effects 19.82 2 9.91 5.49 .010
Weight Tr (n=16) 15.46 1 15.46 8.57 .007*
Aerobic Tr (n=16) 4.37 1 4.37 2.42 .131

2-way
Interactions 8.20 1 8.20 4.55 .042*

WT AT 8.20 1 8.20 4.55 .042*

Explained 28.02 3 9.34 5.18 .006

Residual 50.52 28 1.80

Total 78.55 31 2.53

Decision: Null hypothesis was rejected.*

*Significant at the .05 level.
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Table 6. T-test Values for Weight Trained and Cross

Trained Groups on Chest/Shoulder Strength

Group Mean aQ, t-value

Weight Trained (n=8) 6.62 .59

Cross Trained (n=8) 6.35 .94 .70(df=14)

Decision: Null hypothesis was not rejected.
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Table 7. T-test Values for Aerobic Trained and Weight

Trained Groups on Chest/Shoulder Strength

Group Moan S.D. t-value

Aerobic Trained (n=8) 5.97 1.55

Weight Trained (n=8) 6.62 .59 -1.1 1(df =14)

Decision: Null hypothesis was not rejected.

Table 8. T-test Values for Aerobic Trained and Cross

Trained Groups on Chest/Shoulder Strength

Group Mean S.D. t-value

Aerobic Trained (n=8) 5.97 1.55

Cross Trained (n=8) 6.35 .94 -.59(df=14)

Decision: Null hypothesis was not rejected.

Table 9. T-test Values for Aerobic Trained and Sedentary

Groups on Chest/Shoulder Strength

Group Mean S.D. t-value

Aerobic Trained (n=8) 5.97 1.55

Sedentary (n=8) 4.22 1.90 2.02(df=14)*

Decision: Null hypothesis was rejected.*

*Significant at the .05 level (one-tailed probability).
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Table 10. T-test Values for Weight Trained and Sedentary

Groups on Chest/Shoulder Strength

Group Mean

Weight Trained (n=8) 6.62

Sedentary (n=8) 4.22

5.12. t-value

.59

1.90 3.42(df=14)*

Decision: Null hypothesis was rejected.*

*Significant at the .01 level.

Table 11. T-test Values for Cross Trained and Sedentary

Groups on Chest/Shoulder Strength

Group Mean S.D.

Cross Trained (n=8) 6.35 .94

Sedentary (n=8) 4.22 1.90

t-value

2.84(df=14)*

Decision: Null hypothesis was rejected.*

*Significant at the .05 level.
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Table 12. Analysis of Variance between Two Training Conditions on

Leg Endurance

Source of Variation aa

Main Effects 159.99
Weight Tr (n=16) 101.62
Aerobic Tr (n=16) 53.29

2-way
Interactions 497.66

WT AT 497.66

Explained 657.65

Residual 3230.09

Total 3887.74

DF MS F
Signif
of F

2 80.00 .669 .521
1 101.62 .849 .365
1 53.29 .445 .510

1 497.66 4.16 .05
1 497.66 4.16 .05*

3 219.22 1.83 .165

28 119.63

31 129.59

Decision: Null hypothesis was rejected.*

*Significant at the .05 level.
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Table 13. T-test Values for Aerobic Trained and

Weight Trained Groups on Leg Endurance

3.14142 Mean S.D. t-value

Aerobic Trained (n=8) 43.13 11.95

Weight Trained (n=8) 41.57 7.55 .30(df=14)

Decision: Null hypothesis was not rejected.

Table 14. T-test Values for Aerobic Trained and

Cross Trained Groups on Leg Endurance

Group Mean S.D. t-value

Aerobic Trained (n=8) 43.13 11.95

Cross Trained (n=8) 47.25 7.98 -.81(df=14)

Decision: Null hypothesis was not rejected.

Table 15. T-test Values for Weight Trained and Cross

Trained Groups on Leg Endurance

Group Mean S.D. t-value

Weight Trained (n=8) 41.57 7.55

Cross Trained (n=8) 47.25 7.98 -1.41(df=14)

Decision: Null hypothesis was not rejected.
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Table 16. T-test Values for Aerobic Trained and

Sedentary Groups on Leg Endurance

Group Mean S.D.

Aerobic Trained (n=8) 43.13 11.95

Sedentary (n=8) 53.50 14.36

t-value

-1.57(df=14)

Decision: Null hypothesis was not rejected.

Table 17. T-test Values for Weight Trained and

Sedentary Groups on Leg Endurance

Group Mean S.D. t-value

Weight Trained (n=8) 41.57 7.55

Sedentary (n=8) 53.50 14.36 -1.97(df=14)*

Decision: Null hypothesis was rejected.

*Significant at the .05 level (one-tailed probability)
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Table 18. T-test Values for Cross Trained and

Sedentary Groups on Leg Endurance

Group Mean

Cross Trained (n=8) 47.25 7.98

Sedentary (n=8) 53.50 14.36

t-value

-1.08(df=14)

Decision: Null hypothesis was not rejected.

Table 19. Analysis of Variance between Two Training Conditions on

Chest/Shoulder Endurance

Signif
Source of Variation .asa F of F

Main Effects
Weight Tr (n=16)
Aerobic Tr (n=16)

2-way
Interactions

WT AT

Explained

Residual

Total

343.25 2 171.63 1.34 .278
153.13 1 153.13 1.20 .284
190.13 1 190.13 1.49 .233

136.13 1 136.13 1.06 .311
136.13 1 136.13 1.06 .311

479.38 3 159.79 1.25 .311

3587.50 28 128.13

4066.88 31 131.19

Decision: Null hypothesis was not rejected.



Table 20. T-test Values for Weight Trained and Cross

Trained Groups on Chest/Shoulder Endurance

t-value

2.06(df=14)

Group mean all
Weight Trained (n=8) 59.38 7.52

Cross Trained (n=8) 50.38 9.84

47

Decision: Null hypothesis was not rejected.

Table 21. T-test Values for Aerobic Trained and Sedentary

Groups on Chest/Shoulder Endurance

Group msan S.D. t-value

Aerobic Trained (n=8) 50.13 14.86

Sedentary (n=8) 50.88 11.77 -.11(df=14)

Decision: Null hypothesis was not rejected.
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Discussion

The results of this study indicated greater strength for men

who participated in a weight training program (WT and CT groups).

This finding is consistent with findings of others (deVries, 1970;

Fiatarone et al., 1990; Frontera et al., 1988; Larsson, 1982;

Moritani & deVries, 1980) who have reported that weight training

significantly improved the strength of older adults.

The results indicated that weight training in this study did not

have a significant effect for chest and shoulder strength. Staying

active in one of the three exercise programs did result in greater

upper body strength compared to the sedentary group. Astrand and

Rodahl (1986) reported that any continued physical activity inhibits

the decrease of muscular strength. The results of the present study

suggest that upper body strength compared to lower body strength

was not affected by the type of training. A decrease in muscle mass

with age has been reported for the lower body (vastus lateralis)

(Gutman & Hanzlikova, 1972); but, at the time of the present study,

no research was available on the upper body muscle groups tested,

so no comparison to previous studies can be made.

Muscular strength has been attributed to fast twitch muscle

fibers which have been found to decrease in size and numbers with

aging (Gutman and Hanzlikova, 1972). Strength training has been

reported to increase the fiber area of fast twitch muscle fibers in

older adults (Frontera et al., 1988; Larsson, 1982). The results of

the present study suggest that decline in fast twitch fibers of the

leg extensors in weight trained and cross trained men may have been

prevented through training.
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No significant difference was noted for chest/shoulder

strength between the three training groups. A possible explanation

for this result is the type of weight training program performed by

the WT and CT groups. The WT and CT groups participated in a

circuit weight training program which places less tension on the

muscle resulting in a smaller development of strength. Had men

from a strength training program been available, quite different

results might have occurred.

In contrast to the findings of Laforest et al. (1990), endurance

of the knee extensors was not found to be influenced by general

activity. Laforest et al. (1990) indicated that physical activity

could contribute to muscular endurance. Only the WT group had

significantly greater leg endurance than the S group while no other

significant difference was found between any of the groups for

either the lower or upper body endurance test. Possible explanations

for these results are:

1. Control subjects in this study, though non-exercisers, were

fairly active individuals. All sedentary subjects indicated an

activity level of 2 (some mild physical activity once or twice

weekly: riding a bike, walking, softball, yard work, etc.) for the past

year and previous 10 years on the activity history questionnaire.

This factor could have affected the results, which would attribute

higher muscular endurance to activity.

2) In this study men who were stronger did not have less

endurance (higher fatigue rate) as has been reported by others

(Clarkson et al., 1980 & Thorstensson & Karlsson, 1976). This may

be due to the high intensity, short-term endurance test used in this
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study where a higher level of strength has been reported to enhance

high intensity, short-term endurance (MacDougall et al., 1982).

3) Thorstensson and Karlsson (1976) reported that muscle

endurance is inversely correlated to percent distribution and area of

fast twitch fibers. The researchers also reported that muscular

endurance may be limited by lactate accumulation, which occurs

primarily in fast twitch muscle fibers. Fast twitch muscle fibers

are reported to decrease with age (Gutman and Hanzlikova, 1972);

therefore, the amount of lactate accumulation may decrease and lead

to a maintenance of muscle endurance with age (Laforest et al.,

1990). Muscular strength has been attributed to fast twitch muscle

fibers (Gutman and Hanzlikova, 1972), so it would seem likely that

the stronger subjects in this study would have less endurance due to

a greater accumulation of lactic acid. However, there was no

difference in endurance between the different training groups,

suggesting that the higher strength achieved by the weight trained

groups (WT and CT) was possibly due to neural, rather than muscular

factors. Vandervoort et al. (1986), in a review of recent strength

and endurance literature on the elderly, attributed increase in

strength of older aged weight lifters to the number of functioning

motor neurons. It could also be attributed to the type of weight

training performed by the WT and CT groups.

4) It has been reported that motivation and the recruitment of

muscle fibers by the central nervous system play a critical role in

maximal voluntary contractions (Karlsson, 1979; Vandervoort et al.,

1986). This was critical in the endurance test, in which the

subjects were asked to perform 50 continuous maximal
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contractions. If subjects did not perform maximally during the

entire test, the results of the endurance measurement would be

biased since endurance was defined as the relative decline from 3

initial maximal contractions to 3 final maximal contractions.

The lack of significant findings in this study limit the number

of conclusions drawn. Possible reasons for the insignificance were

the small subject pool of available trained men and the type of

weight training program performed by the Weight Trained groups.

Had more subjects form the older age groups, 60-69 and 70-79, been

available quite different results may have occurred.

Though it appears that weight training has a benefit in the

development of strength for the older adult, its benefits on muscular

endurance remains to be seen. Participating in some form of

exercise program does have significant benefits compared to being

sedentary. The extent to which weight training benefits the older

adult compared to any other type of training program still needs

further investigation.

Application

Given the information concerning muscle changes in the older

adult and the currently known effects of activity on these changes,

it was necessary to further investigate what the effects of

different training protocols have on the muscular strength and

endurance of older adults. Based on the results of this study, weight

training results in a benefit of strength for men. The results

indicate that the older male adult of this study may want to

concentrate on lower body strength training exercises as opposed to

upper body exercises. The author of this study has witnessed at an
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Oregon health and fitness center, a majority of older male cross

trained individuals performing strength training exercises for only

their upper body (9 cross trained volunteers were eliminated from

this study due to a lack of lower body strength training). The

implication is that older men, in general, may participate in an

aerobic exercise, cycling, jogging, or stairclimbing, which utilizes

lower body muscles, but feel no need to partake in strength

exercises for their legs. In setting up an exercise program for the

older adult, it would be best to prescribe one which incorporates

both a strength and aerobic component. The strength component

should be directed at developing the major muscle groups of both the

upper and lower body.

Muscular strength and endurance are two important components

of physical fitness and more information was needed regarding aging

and the maintenance of these two components. Exercise programs

designed for the older adult must continue to develop and progress

as they have in the past decade. Progress and development can only

occur with scientific research. It is important to further increase

the knowledge on aging and education of society in order to

overcome the many myths and stereotypes that exist today about our

older population.
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CHAPTER 5

SUMMARY, CONCLUSIONS, & RECOMMENDATIONS

This final chapter provides a summary of, and the conclusions

drawn from, this study on muscular strength and endurance of men

50 years of age or older using different training protocols, and

presents recommendations for future research

Summary

The purpose of this study was to compare the muscular

strength and endurance of healthy, trained men 50 years of age or

older who engage in weight training, aerobic training, cross training,

or no training. The design employed in the study was a 2x2 between

subjects factorial design with weight training and aerobic training

as the two factors.

Male volunteers 50 years of age or older were selected to

participate in this study, and divided into four groups of 8, on the

basis of their previous year of training. Each group represented a

different mode of training: aerobic training, weight training, cross

training (both aerobic and weight training), and sedentary (no

exercise protocol). Height, weight, and body fat were determined for

all subjects and used for comparative purposes. A KIN/COM

isokinetic dynomometer was used to test muscular strength and

endurance of the dominant leg extensors and chest/shoulder

complex. Strength of the leg extensors and chest/shoulder complex

were measured as peak torque and peak force, respectively, at a

velocity of 60 degrees/second. Endurance of the same muscle groups
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was measured as the percent decline over 50 continuous maximal

contractions at a velocity of 180 degrees/second.

A two-way between subjects ANOVA and independent t-tests

were used to analyze the difference between mean muscular

strength and mean muscular endurance for each group. An alpha of

.05 was used to show a statistical difference within 1.50 standard

deviations from the mean for a power of 70. Muscular strength

comparisons were expressed as strength to body mass ratios.

Muscular endurance comparisons were expressed as the percent

decline during 50 maximal contractions based on 3 early

contractions and 3 final contractions. Significant interactions were

analyzed using the Tukey HSD procedures.

A significant weight training effect was found for leg

strength, with the WT and CT groups (Weight Trained groups)

exhibiting a greater peak torque than the AT and S groups (Non-

Weight Trained groups). Participating in one of three training

programs was found to have a significant effect for chest and

shoulder strength, with the WT, CT, and AT groups exhibiting a

greater peak force than the S group. However, no significant

difference was found between the WT, CT, and AT groups for

chest/shoulder strength. The WT group was found to have

significantly greater muscular endurance of the leg compared to the

S group. No other training effects were observed between any of the

groups for either muscular endurance test.

Conclusions

Within the limitations and design of this study, the following

conclusions are drawn:
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1. Men 50 years of age or older who were weight trained had

significantly greater leg strength than men 50 years of age or older

who were not weight trained.

2. Men 50 years of age or older who were active in a training

program had significantly greater chest/shoulder strength than men

50 years of age or older who were sedentary.

3. Different training protocols of men 50 years of age or older

were not a factor in the muscles' ability to resist fatigue.

Recommendations

The following recommendations are given for future research:

1. A similar investigation using a larger number of subjects

and measuring additional muscle groups should be performed.

2. Greater control of training background (frequency,

intensity, and duration) is needed. A longitudinal training study

randomly assigning previously untrained subjects is necessary to

detect significant results of each training protocol on the

development of muscular strength and endurance.

3. More strength and endurance research using subjects aged

70-79 and 80-89 who have been participating in a strength training

program are needed. This would help identify the benefits of a

strength training program on muscular strength and endurance for

these age groups.

4. There is a need for more research concerning the benefits

of a strength training program for women aged 50 years and older.

In particular the maintenance of strength and how it relates to the

maintenance of bone density.
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5. Future research investigating the muscle maintenance of

older aged adults who have been participating in high-resistance

training programs all their lives. For example, the sport of

bodybuilding, which utilizes weight lifting, has become more popular

and an increasing number of individuals over the age of 65 will be

participating in the sport. Martial arts, a sport which requires a

great amount of balance and coordination as well as fast twitch

muscle fibers during ballistic movements, has seen increased

popularity and could prevent some of the physiological effects of

aging.
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APPENDIX A

Informed Consent/Questionnaire
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Isokinetic muscular strength and endurance of active men over 50
years of age using different training protocols

Informed Consent

The research project in which you will participate in is
designed to gather information about muscular strength and
endurance of older men who participate in different training
programs. You will be asked to fill out a questionnaire concerning
your previous 10 years of activity as well as your normal weekly
training regimen during the past year. You will be asked to attend
two separate test sessions. Your height and weight will be
measured as well as as your body composition using hydrostatic
weighing procedures (weight while underwater on a chair scale in a
tank). You will be asked to participate in four tests. (1) muscular
strength of the leg, (2) muscular strength of the chest and shoulder,
(3) muscular endurance of the leg, and (4) muscular endurance of the
chest and shoulder. Duration of each testing session should be
approximately 30 minutes.

The first test session will proceed as follows:

1. Measurement of height and weight.

2. Hydrostatic weighing.

The second test session will proceed as follows:

1. You will be asked to warm-up for five minutes cycling and
performing any stretching that you might normally do prior to a
workout.

2. You will then be asked to perform the following tests:
a) muscular strength of the leg, where you will be asked to

perform three trials in an all out effort on a KIN/COM
isokinetic dynamometer (a piece of equipment used to
collect strength data).

b) muscular endurance of the leg, where you will be asked
to perform one trial of 50 continuous repetitions in an
all out effort on a KIN/COM isokinetic dynamometer.

c) muscular strength of the shoulder and chest, where you
will be asked to perform three trials in an all out effort
on a KIN/COM isokinetic dynamometer.
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d) muscular endurance of the shoulder and chest, where you
will be asked to perform one trial of 50 continuous
repetitions in an all out effort on a KIN/COM isokinetic
dynamometer.

3. You will be read complete instructions concerning each test
as well as given a demonstration prior to the administration of each
test. You are free to ask questions at any time during the entire
testing session.

All four tests are accepted medical test protocols with only
minimal risks possible such as strains or muscle soreness. You
should not participate in this study if you have any of the following:
high blood pressure, heart or circulatory problems, spine or joint
problems, seizures, or any other medical condition that might prove
to be hazardous.

Participation in this study is strictly voluntary. You may stop
or withdraw from the study at any time without any consequences.
Your data will be kept confidential. Results of the study will remain
anonymous.

This project is being coordinated by Shawn Jordan (Dept. of
Exercise and Sport Science, Oregon State University). If you have
any questions pertaining to the study, your rights as a participant,
or should you suffer any research-related injury, contact Shawn
Jordan (1-345-4556).

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 this
study voluntarily and understand that you may withdraw at any time
without penalty. You also understand the University does not provide
a research subject with compensation or medical treatment in the
event the subject is injured as a result of participation in the
research project

PRINT YOUR NAME SIGNATURE DATE

PRINCIPAL INVESTIGATOR WITNESS
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Physical Activity History Questionnaire

Name Age

Work Phone Home Phone

Please answer the following questions as they pertain to you. It is
very important that you answer each question as accurately as
possible as the results of this questionnaire will affect the validity
of the study. Please return this questionnaire to room 123 Langton
Hall, c/o Shawn Jordan, unless we have made other arrangements. I

will contact you soon to schedule individual test sessions. Thank
you.

1. How would you best describe your present level of fitness?
(Components of fitness being flexibility, strength, cardiorespiratory
condition and body fat composition.)

excellent average
good poor
fair no health problems present

2. Do you suffer from any physical conditions that interfere with
your function at present? (i.e., lower back pain, arthritis, neck pain,
shoulder or knee joint pain, etc.)

3. Place a check by any of the following medical conditions which
apply to you:

High blood pressure
Spine or joint problems
Hernia
Diabetes

4. Dominant Leg: Right
Dominant Arm: Right

Heart or circulatory problems
Seizures
Physical impairments, if any

please specify

Left
Left

5. Is there any reason why you would not want to use your dominant
leg or arm in a muscular strength and endurance test? (i.e., previous
injury)

Yes
No
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Four different activity levels are described below. Please read
each and answer questions 6 and 7 that follow.

Group 1: Almost completely inactive: reading, watching TV, movies,
etc.

Group 2: Some mild physical activity once or twice weekly: riding a
bike, walking, softball, yard work, etc.

Group 3: Regular physical activity three or more times a week for
general fitness: cycling, running, weight training,
racquetball, etc.

Group 4: Regular hard physical activity for competition in any sport,
four or more times per week.

6. Which group best describes your activity for the past complete
year?

7. Indicate the group that best describes your activity for the last
10 years. 1981-1985 1986-1991

8. Do you participate in an aerobic activity on a regular basis? (i.e.
swimming, jogging, cycling, etc.)

no
yes (If yes, how long? months/years)

If yes, continue with question 9. If no, skip to question 13.

9. Indicate your primary aerobic activity(ies).

SWIMMING CYCLING

RUNNING JOGGING

AEROBICS STAIRCLIMBING

OTHER(S)

10. Check the following level which best represents your average
intensity during a normal aerobic exercise session?

LOW: very light to fairly light

MODERATE: somewhat hard to hard

HIGH: very hard to very, very hard
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11. Check the following time which best represents your average
duration during a normal aerobic exercise session?

< 20 minutes
20-30 minutes
30-45 minutes
> 45 minutes

12. Check the following number of days which best represent your
average frequency of aerobic exercise during a normal week.

one day a week
two days a week
three days a week
four days or more a week

13. Do you participate in a weight training program on a regular
basis?

no
yes (If yes, how long? months/years)

If yes, please respond to the remaining questions.

14. Check the following number of days which best represent your
average frequency of weight training during a normal week.

one day a week
two days a week
three days a week
four days or more a week

15. Check afi of the following upper body and lower body lifts which
you perform a minimum of twice a week.

(upper body)
bench press
incline bench press
shoulder press (military press)

(lower body)
squats
hip/leg press
leg extensions
leg curls
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16. Check the following level which best represents your average
intensity during a normal weight lifting session?

LOW: very light to fairly light

MODERATE: somewhat hard to hard

HIGH: very hard to very, very hard

17. Check the following number of sets you normally perform on the
average for each exercise.(i.e. bench press exercise)

2 sets or less
3 sets
4 sets
5 sets or more

18. Check the following number of repetitions you normally perform
on the average during each set.

15 repetitions or more
10-15 repetitions
6-10 repetitions
6 repetitions or less
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APPENDIX B

Data Sheet



SUBJECT DATA COLLECTION SHEET

Name Age

Group assignment: AT WT CT S

Height in CM Weight lb kg

HYDROSTATIC WEIGHING

Water Temp c.

Trial 1 Trial 4

Trial 2 Trial 5

Trial 3 Trial 6

BODY FAT

LEAN BODY WEIGHT lb kg

70

Average of 3 highest

trials kg

STRENGTH
PEAK /MASS

STRENGTH TEST: VALUE RATIO

LEG (torque) Nm Nm/kg

CHEST/
SHOULDER (force) N N/kg

ENDURANCE TEST PEAK VALUE PEAK VALUE
OF 3 OF 3 TOTAL %

INITIAL REPS FINAL REPS DECLINE

LEG (torque)

CHEST/
SHOULDER (force)

avg. Nm avg. Nm

avg. N avg.

%

N %
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APPENDIX C

KIN-COM System
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KIN-COM System

Malone, T. (1988). Evaluation of isokinetic equipment. Baltimore,

MD: Williams & Wilkins.

The Kin-Com was the first active system available in the

United States. The system was developed and marketed in Canada

and distributed to the United States through the Chattecx

Corporation, a subsidiary of the Chattanooga Corporation.

The Kin-Corn functions through a computer-controlled feedback

system. Three primary signals are monitored and controlled (force,

angle, and velocity). The computer is able to control or adjust the

velocity or force according to the feedback it receives from the

actuator. The force signal is generated in the load cell which serves

as the input to the system from the actuator. The velocity signal is

generated via a tachometer within the dynamometer head, and the

angle signal is generated through a mechanical system, also within

the dynamometer head.

The force and velocity are controlled through a hydraulic

system within the Kin-Com. Specifically, a computer signal opens

or closes the servovalve between the pump and the actuator to

control force and velocity. This function is performed 100 times per

second to maintain appropriate control of movement.

Because the system is computer controlled, it is dependent

upon both software and hardware for function. It has now been

available for several years and has gone through several major

software updates and mechanical modifications. As the system has

developed, the introduction of an upper extremity chair, trunk
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testing adapter, and electromyogram (EMG) system has enhanced its

clinical and research potential.

The system's software controls both the exercise modes and

the data acquisition and storage. The software enables a variety of

parameters to be displayed and printed. All data can be stored on

the computer's hard disk so that the comparison of a patient's

strength performance from one visit to the next is possible. In

addition, specific training protocols for an individual can be written

and stored for easy access at each clinic visit. A strong feature of

the system is its ability to correct for gravity and thus give all

information in a gravity-corrected format.

The reliability of the system has been demonstrated by

independent reviewers and it has been shown to be extremely

accurate (r = .97 to r = .99) (Farrell & Richards, 1986; Harding,

Black, Bruulsema, Maxwell, & Stratford, 1988; and Smidt, Blanpied,

& White, 1989).

Specifications

The Kin-Corn functions off a hard-drive IBM computer system.

It controls velocity of the movement through 250 degrees/second.

An exciting option is the ability to set both minimum and maximum

force limits during the velocity-controlled motion. Thus, the

patient needs to generate a set minimum force to protect against

unwanted joint stress.

Four models of exercise are available through the system. The

isometric mode can be programmed to allow for multiple isometric

contractions throughout a set range of motion. Again, a maximum

force limit can be set to protect the joint. Graphic and numeric
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display on the computer's monitor during exercise can provide the

patient with immediate feedback for motivation purposes.

A passive mode of exercise allows the Kin-Corn to function as

a continuous passive motion (CPM) device. The range of motion for

this activity is computer controlled and therefore can be used to

provide passive stretching. In addition, by setting a maximum force

limit in the program, patients can apply a minimal force against the

load cell without the machine shutting off. If this set force is

exceeded, however, the machine will automatically shut off and any

undesired maximal contractions can thus be avoided. In this way,

submaximal training is also possible in this mode.

The isokinetic mode involves a constant velocity movement

while the force production is variable. The Kin-Com "ramps" from

initial force production to terminal velocity and then maintains the

velocity at the preselected speed. This acceleration from 0

degrees/second to the preselected velocity can be set at low,

medium, or high. Range of motion is programmed into the computer

prior to the start of exercise by manually placing the limb in the

desired "start" and "stop" positions. The exercise cycles can then be

performed at different speeds and with different modes of

contraction (i.e., passive, concentric, or eccentric). A minimum

force required to initiate and maintain movement can be set by the

therapist prior to exercise. This pre-loading option is designed to

prevent unrestricted acceleration. Thus, the isokinetic mode

controls velocity while force production varies.

The fourth mode of exercise available with the Kin-Corn

system is the 'force mode." The isotonic or force mode is designed
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to control force while speed varies. This mode allows the patient to

accelerate and decelerate the limb through his/her own muscular

output. Once again, the clinician can establish a minimum force that

the subject must exceed in order to accelerate the lever arm, an

option that has important functional implications.

Within the force, isokinetic, and passive modes, clinicians can

choose a variety of combinations of concentric, eccentric, and

passive exercise. The concentric/concentric, eccentric/eccentric,

concentric/eccentric, or eccentric/concentric exercise options can

be used for training of agonist only or agonist/antagonist muscle

groups.

The Kin-Com can be used for a variety of joints. A specific

adapter for trunk testing and a special stabilization chair for upper

extremity exercise are also available.

Data Collection

Data can be collected in either the evaluation or the training

mode. Force data are provided in Newtons. Torque data can also be

provided if the clinician measures the lever arm and feeds it into

the computer prior to exercise. The data can also be corrected for

gravity, thus allowing more accurate comparisons. In addition, EMG

activity can be monitored simultaneously with force output through

the use of a special EMG unit.

Data collected during the training mode is time based; data

collected during the evaluation mode is angle or joint position based.

Peak and average force data at any speed of contraction can be

readily collected under the evaluation mode where there is a pause

after each repetition. Data for any endurance type of exercise that
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requires multiple, continuous repetitions must be gathered under the

training mode.

Under the evaluation mode, force data are automatically

averaged over the number of repetitions completed for a given trial.

The force curve is then displayed along with the average velocity

and joint angle curves. The current software does not calculate

power and work measurements, but will provide right/left

comparisons, eccentric/concentric comparisons, flexion/extension

ratios, etc.. Under the training mode, peak and average force for

each repetition must be gathered by the clinician from the time-

based display on the monitor. Movement of the cursors around the

repetition of interest will give the average force and peak force of

that curve. That value can then be recorded by the clinician. This

process must be repeated for each repetition of interest. All data

collected under the evaluation or training modes can be stored for

future reference.

KIN/COM Computer Program Settings for Strength Tests

Speed Forward: 60 degrees/second

Speed Backward: 100 degrees/second (not measured)

Type of Contraction: concentric/concentric

Turning Points

Forward: medium

Backward: medium

Force Settings

Start Forward Force: 11 lbs.

Start Backward Force: 0 lbs.

Minimum Force: 4 lbs.
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Maximum Force: 450 lbs.

Training Feedback: Overlay

KIN/COM Computer Program Settings for Endurance Tests

Speed Forward: 180 degrees/second

Speed Backward: 180 degrees/second (not measured)

Type of Contraction: concentric/concentric

Turning Points

Forward: medium

Backward: medium

Force Settings

Start Forward Force: 11 lbs.

Start Backward Force: 0 lbs.

Minimum Force: 4 lbs.

Maximum Force: 450 lbs.

Training Feedback: Continuous


