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Director: Dr. Kathleen Miller

The purpose of this study was to evaluate an experimental 
weight training device and to determine whether a five-week, 
three-times weekly, fifteen minutes daily, isokinetic-like 
exercise schedule was effective in producing significant strength 
gains in the upper extremities of adult women. ’’The Mule”, an 
upper body strength training apparatus, was the instrument 
utilized for testing during this investigation.

Fifteen female volunteers, ranging in age from 21 to 42 years, 
served as subjects. The subjects trained ten to fifteen minutes, 
three days per week for five weeks. The training program 
consisted of one set of ten repetitions performed at 70% of one’s 
repetition maximum utilizing the following exercises: two arm
curl and return, bench press and return, military press and 
return, right and left inside curl and return, upright row and 
return, and flexing and extending the resistance bar in the pole 
position. After completion of the five-week training program, 
subjects were tested for upper extremity strength improvement. 
The instrument assessed strength gains by pounds per square inch 
(PSI). The data were analyzed using descriptive statistics, a 
One-Way Analysis of Variance, and a one-tailed t-test for 
dependent samples.

Group mean and percent strength gains increased for each 
exercise and throughout the protocol. Group mean percent 
strength gains did not fall below 35%.
A one-way analysis of variance was computed to determine 

differences among the cumulative maximum repetition scores of the 
sample for each exercise. Group strength gains for each exercise 
was significant.

A one-tailed t-test was used to compare the mean pre-test 
maximum repetition scores for each exercise to the mean post test 
maximum repetition scores for each exercise. Significant
differences were found post training for each of the exercises in 
the test battery.

The testing instrument and protocol were found to be a reliable 
measure of upper extremity strength. The results provide 
evidence concerning isokinetic exercise concepts and optimal 
training frequency for upper body strength improvement.
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CHAPTER 1 

INTRODUCTION

An increased awareness of one's personal fitness and 
body image has highlighted the 1980s. With this fitness 
trend has come a growing interest in strength training. 
Muscular fitness is no longer synonymous only with the 
serious and/or competitive athlete. Men and women of all 
ages are realizing the physical and psychological benefits 
strength training has to offer. These benefits include the 
cosmetic value of a firmly muscled body and the enhanced 
performance of various tasks in everyday life (Hinson and 
Rosentswieg, 1972).

The major modes of strength training are isometric, 
isotonic, and isokinetic exercise. Each form of exercise 
has distinct differences and characteristics which are as 
follows :

Isometric or static contraction occurs when resis
tance of a sufficient magnitude prevents motion (Smith and 
Melton, 1981). This allows maximum loading, but only in one 
point of the range of motion.

Isotonic or dynamic contraction results from 
exercise done through a range of joint motion with a set
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resistance (Smith and Melton, 1981). In an isotonic 
contraction, the resistance has its greatest effect on the 
muscles at the extremes of the range of motion (Chu and 
Smith, 1971).

Isokinetic contraction is dynamic in nature and is 
performed at a predetermined and controlled rate of speed 
that cannot be exceeded regardless of the force applied 
(Rosentswieg, Hinson, Ridgway, 1975). By fixing the speed 
of exercise and varying the resistance, it maximally loads 
the muscle at every point in the range of motion (Smith and 
Melton, 1981).

Isometric and isotonic exercise methods each have 
definite disadvantages. Isometric exercise is fast and 
easy, but is believed to contribute to strength only at the 
specific angle at which the exercise is performed, not over 
the full range of motion (Hinson and Rosentswieg, 1972). 
There is no assurance that any strength gain will occur at 
any other angle (Hinson and Rosentswieg, 1972). Isotonic 
exercise is affected by inertia. Once motion begins and 
inertia is overcome, maximum resistance cannot be maintained 
for the rest of the movement (Hinson and Rosentswieg, 1972). 
Therefore, loading occurs at the weakest point in the 
system, while the rest of the system is working at less than 
capacity (Smith and Melton, 1981).

Theoretically, isokinetic exercise has a distinct 
advantage over the two methods mentioned previously. Due to
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the nature of isokinetic exercise, the resistance is accom
modating, allowing the development of maximal tension, and 
thus strength, throughout the full range of motion (Pipes 
and Wilmore, 1975). Since the resistance to the muscle is 
directly related to the speed of contraction, inertia will 
not have an effect on the exercise (Hinson and Rosentswieg, 
1972).

Since 1967, when the isokinetic concept of resistive 
exercise was introduced (Hilsop and Perrine, 1967), early 
research supported the advantages of this mode of exercise 
over the isotonic and isometric methods (Thistle et al, 
1967; Rosentswieg and Hinson, 1972; Pipes and Wilmore, 
1975). Recent research on the development of strength has 
been largely inconclusive, indicating no advantage of 
isokinetic training over isotonic training (Cotner, 1983; 
Meadors, Crews, Adeyanju, 1983; Lander et al, 1985; Shields, 
Beckwith, Kurland, 1985).

Additional research suggests that isokinetic 
exercise increases the work a muscle can do more rapidly 
(Moffroid et al, 1969), resistance matches the force 
throughout the range of motion, the time it takes to 
complete a workout is reduced (Brown, 1976; Van Oteghan, 
1974), and that isokinetic training does not induce muscle 
soreness (Talag, 1973 ; Van Oteghan, 1974; Pipes and Wilmore, 
1975; Byrnes, Clarkson, Katch, 1985; Thistle et al, 1967).
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Isokinetic devices for strength training and assess

ment are used primarily for the development of the lower 
extremities, such as the Cybex II (Lumex, Inc.) and the 
Mini-Gym Leaper (Mini-Gym, Inc.). These machines have 
proven their effectiveness in muscular training and rehabil
itation (Grimby et al, 1980; Sherman et al, 1981, 1983;
Armstrong et al, 1983; Glenn, 1976; Blattner and Noble, 
1979). However, there are limited research data regarding 
isokinetic equipment designed to enhance upper body
strength.

An isokinetic-like exercise apparatus for the upper 
extremities is in the research and development stages at the 
University of Montana. A variety of exercises to strengthen 
various muscle groups may be performed on this device. The
research and development of such a machine could prove
invaluable for use in athletics, rehabilitation, and by the 
general population.

Therefore, the purpose of this study was to evaluate 
the experimental device and to determine whether a five- 
week, three-times weekly, fifteen minutes daily, isokinetic- 
like exercise schedule was effective in producing signifi
cant strength gains in the upper extremities.

The Statement of the Problem

This research investigated whether a five-week, 
three-times weekly, fifteen minutes daily, isokinetic-like
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exercise schedule is effective in producing significant 
strength gains in the upper extremities.

The Research Hypothesis

There is significant difference in upper extremity 
strength upon completing a five-week, three-times weekly, 
fifteen minutes daily, isokinetic-like exercise program.

Level of Significance

The level of significance to accept or reject the 
hypothesis was .05.

Importance of the Study

Since the isokinetic-like apparatus evaluated and 
utilized in this study is unique, this research should 
provide the field of sport sciences, athletics, and rehabil
itation with valuable information for comparing the types of 
upper body weight training equipment on the market and their 
overall effectiveness. Specifically, this study is of 
importance in terms of isokinetic exercise and the minimal 
amount of workout time needed to effect upper body muscular 
strength gains.

This project is significant to the inventor of the 
device, Mr. Ken Lutz, and the Health and Physical Education 
Department at the University of Montana, who are working 
cooperatively with the research and development of the
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apparatus. Hopefully, this research will pinpoint the 
strengths and expose the weaknesses of the device in order 
to market a quality piece of equipment.

Finally, the untrained, volunteer, female subjects 
of the study will benefit, not only in terms of muscular 
strength improvement, but also by the information provided 
concerning facts and fallacies for women, weight training 
and overall body image.

The Limitations

1. There was no control of the subjects* present 
level of fitness.

2. Subjects were not randomly selected. They were 
volunteers who registered for physical education classes.

3. The physical and recreational activities of the 
subjects were not controlled, with the exception of no upper 
body strengthening outside of the study.

4. Nutrition and diets of the subjects were not 
controlled.

5. Individual motivation and the psychological and 
physiological reactions of each subject could not be con
trolled.

The Delimitations

1. The subjects consisted of female college 
students enrolled in Health and Physical Education classes,



7
with the exception of weight training, during the 1986
spring term at the University of Montana.

2. Strength gains were measured by a protocol 
developed specifically for the experimental apparatus used 
in this study.

Basic Assumptions

All subjects gave their maximum effort throughout
the course of the study.

Definition of Terms

Eccentric contraction. Muscle lengthens while con
tracting.

Concentric contraction. Muscle shortens while con
tracting.

Isokinetic exercise. A muscle contraction in which 
the muscle shortens allowing the development of maximal 
tension throughout the full joint range of motion (Pipes and 
Wilmore, 1975).

Isometric exercise. A muscle contraction in which 
there is no movement (Thistle et al, 1967). Tension is
developed, but there is no change in the length of the 
muscle.

Isotonic exercise. A muscle contraction against a 
fixed weight throughout the range of motion (Pipes and 
Wilmore, 1975). Resistance is constant and greatest at the
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extremes of the range of motion (Rosentswieg and Hinson, 
1972).

Accommodating resistance. (Isokinetics) resistance 
is equal to the force applied by a muscle or muscle group 
throughout the range of motion (Thistle et al, 1967).

Variable resistance. Resistance that varies as it 
is moved through the range of motion of an exercise (Cotner, 
1983).

Repetition maximum (RM). Maximum aunount of weight 
that can be moved over a given number of repetitions before 
fatiguing.



CHAPTER 2 

REVIEW OF THE LITERATURE

The importance of weight training has been recog
nized as an effective method for muscle development and 
rehabilitation. Since the implementation of progressive 
resistance exercise (PRE) by DeLorme (1945), physical 
educators, physical therapists, coaches and athletes have 
adopted its principles for enhancing muscular strength.

DeLorme (1945) originated a classic set of strength 
training principles which stress the importance of resis
tance and repetitions when engaging in a strength training 
program:

1. Strength is built into a muscle with the use of 
high resistance and low repetition exercise.

2. Endurance is built into a muscle with the use of 
low resistance and high repetition exercise.

3. One specific kind of exercise is incapable of 
building the quality that is developed by the other type of 
exercise (DeLorme, 1945, p. 645).

Muscles adapt to the stresses placed upon them. 
This adaptation occurs through specific physiological
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changes which enable the muscle to handle more efficiently 
the particular stress imposed.

DeLorme's first and second principles are substan
tiated by the many physiological changes that occur as the 
muscle adapts to the stresses imposed during strength 
training. These changes include an increase in muscle mass 
(Gonyea and Sale, 1982; Counsilman, 1976; Chu and Smith, 
1971; MacDougall, Ward, Sale, Sutton, 1977), an increase in 
muscle energy reserves (MacDougall et al, 1977), an increase 
in the number of functional capillaries (Counsilman, 1976; 
Chu and Smith, 1971), and an increase in the number of mito
chondria (Counsilman, 1976; Chu and Smith, 1971; MacDougall, 
Ward, Sale, Sutton, 1977 ; Gollnick, Armstrong, Saltin, 
Saubert, 1972).

DeLorme*s third principle focuses on the concept of 
"specificity of training". "Adaptation by the neuromuscular 
system to demands made on it are highly specific ; therefore, 
it is important that strength training programs reproduce as 
closely as possible the movements for which such training is 
desired" (Gonyea and Sale, 1982, p. 235). Therefore, evalu
ation of strength gains must be interpreted in terms of the 
weight training concept selected and the type of equipment 
used for testing (Shields et al, 1985).

The earliest attempt at organizing a workable resis
tance training program was by DeLorme and Watkins (1948).
The original DeLorme weight training protocol was developed
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over thirty years ago and consisted of moving three sets of 
heavy resistance ten consecutive times.

Since that time, DeLorme*s principles and variations 
of the original protocol have been accepted and implemented 
in many athletic and rehabilitative training programs. 
Research has followed supporting DeLorme*s contentions. 
Many of the studies have focused on the establishment of the 
optimum components that should exist within a progressive 
resistance training program. Numerous studies examining the 
number of repetitions, interaction of sets and repetitions 
and load resistance have been provided by Berger (1962a, 
1962b, 1962c).

The optimum number of repetitions in which to train 
for the quickest strength improvements was assessed by 
Berger (1962b). His findings suggested the optimum number 
of repetitions was between three and nine. Another study by 
Berger (1962a) compared nine different weight training 
programs to determine which were more effective in improving 
strength. Results indicated three sets and six repetitions 
per set were best for improving strength. Since strength is 
known to increase when a muscle attains maximum or near 
maximum contraction, Berger (1962c) found strength gains 
will occur if the muscle is stressed at or near the ten 
repetition maximum (66% to 90%). One of the popular 
isotonic programs today requires the subject to lift a 
weight two-thirds to three-quarters of his maximum capabil
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ity for three sets of six to eight repetitions (Hinson and 
Rosentswieg, 1972).

Advantages and Disadvantages of Conventional (Free Weights), Variable Resistance, and Isokinetic Weight Training Systems

Before 1967 ̂ the two main methods of strength 
training were isometric and isotonic. Isometric strength 
training has resulted in significant strength gains (Berger, 
1962; Murray et al, 1980), but is believed to contribute to 
strength only at the specific angle at which the exercise is 
performed, not over the full range of motion (Hinson and 
Rosentswieg, 1972).

Conventional weight training or free weights employs 
isotonic concepts and involves a muscular contraction 
against a constant resistance resulting in movement that 
either shortens (concentric) or lengthens (eccentric) the 
muscle (Foran, 1985). Unlike most machine systems, free 
weight training allows multi-segment movements and the 
freedom to select an exercise that will encompass the 
correct joint positions (Nosse, Hunter, 1985). Since human 
movement involves day to day accelerating and decelerating, 
acceleration is another important advantage of free weights. 
Conventional strength training offers acceleration, while 
variable resistance hinders acceleration and isokinetics 
does not involve acceleration (Foran, 1985). Finally, 
research indicates that the eccentric component of muscular



13
contraction may cause more hypertrophy than the concentric 
component, thus affecting muscle and strength development 
(Komi and Buskirk, 1972).

The greatest disadvantage of conventional weight 
training is that maximum muscle loading occurs only during 
the extremes of the range of motion (Rosentswieg and Hinson, 
1972). Safety is another factor which should be considered 
when using free weights. Conventional weight training 
requires a proper technique, a proper conditioning base, and 
appropriate supervision (Foran, 1985).

Variable resistance is a weight training system 
which utilizes isotonic contractions. This system "provides 
a resistance that changes to match the joint’s ability to 
produce force throughout the range of motion" (Foran, 1985, 
p. 24). This is accomplished by the use of an oval-shaped 
pulley. The pulley attempts to accommodate to the changes 
in a muscle's strength curve by changing and varying the 
resistance (Cotner, 1983).

As stated earlier, a main advantage of variable 
resistance training is the involvement of both the concen
tric and eccentric contraction. Other noted advantages are 
that these systems are relatively safe and that strength 
gains are easy to evaluate (Foran, 1985).

As in conventional weight training, the main dis
advantage of a variable resistance weight training system is 
that one is limited to the maximum weight he or she can move
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at his or her weakest angle throughout the range of motion. 
Limb length, the point of muscle attachment, and the 
velocity of the movement will affect the strength curve 
(Foran, 1985).

Unlike an isotonic apparatus, an isokinetic exerci
ser is designed to keep limb motion at a constant predeter
mined speed. As the individual pushes against the lever 
arm, the resistance of the lever arm corresponds to the 
amount of force the individual applies against it. The 
unique advantage isokinetic exercise has over isotonic, 
isometric methods is the control of speed.

In a study of isokinetic exercise, Moffroid and 
colleagues (1969) suggested that:

1. Isokinetic exercise increases the work a muscle can do more rapidly than does isometric exercise or isotonic exercise using pulleys.2. Muscular response to different loading systems tend to be specific; a muscle which is overloaded in a partial range of motion will increase significantly more in this range than in other, less exercised joint positions (Moffroid et al, 1969, p. 746).
Recent research indicates that muscular soreness 

does not occur following an initial session of strength 
training which utilizes isokinetic exercise equipment 
(Byrnes, Clarkson, Katch, 1985; Pipes and Wilmore, 1975; Van 
Oteghan, 1974; Thistle et al, 1967). The lack of muscular 
soreness with isokinetic exercise may be related to the type 
of muscular contraction performed during the exercise. Most 
forms of exercise involve eccentric muscle contraction.
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whereas isokinetic exercise involves only concentric muscle 
contraction.

The main disadvantage of isokinetic exercise is that 
it allows for only maximal effort and does not require it 
(Cotner, 1983). "The effort can be minimal, maximal, or 
anywhere in between because isokinetic machines can only 
control the speed of the movement" (Foran, 1985, p. 24).

Isokinetic Exercise versus Isometric and Isotonic Exercise Methods and Modalities

Several studies have compared the effectiveness of 
isokinetic exercise versus other exercise methods and 
modalities. Early literature (Thistle et al, 1967; Rosent
swieg and Hinson, 1972; Pipes and Wilmore, 1975), with one 
exception (DeLateur, 1972), found isokinetics to be a more 
effective method of strength development.

Recent research on the development of strength has 
largely been inconclusive, indicating no advantage of iso
kinetic training over isotonic training (Meadors, Crews, 
Adeyanju, 1983; Cotner, 1983; Lander et al, 1985; Shields, 
Beckwith, Kurland, 1985), while one study (Smith and Melton, 
1981) favored fast isokinetic exercise over isotonic 
variable-resistance modes.

Thistle and associates (1967) trained subjects for 
eight weeks using the three methods of exercise. Results 
suggested that isokinetic exercise is a more efficient means 
of strengthening muscle.
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Research indicates when the three modes of strength 

training were compared by electromyography, isokinetic 
exercise elicited the most muscle activity (Rosentswieg and 
Hinson, 1972). Thirteen women performed maximum contrac
tions of the biceps brachii in the isometric, isotonic, and 
isokinetic methods. Electromyographic data were recorded as 
each contraction was made. Results revealed that isokinetic 
contractions elicited significantly greater muscle action 
potentials.

Research suggests that isokinetic training proce
dures may be superior to isotonic procedures relative to 
strength, anthropometric measures and motor performance 
tasks. Pipes and Wilmore (1975) assessed differences in 
changes in strength, body composition, anthropometric 
measurements and selected motor performance tasks between 
groups trained isotonically and isokinetically. The iso
kinetic training group demonstrated a clear superiority over 
the isotonic training group, with the greatest overall gains 
demonstrated by the isokinetic high speed group. However, 
Wilmore (1979) has raised doubts about the validity of the 
findings after reanalyzing the data.

The findings of DeLateur and associates (1972) do 
not support these studies. The effectiveness of isokinetic 
and isotonic exercise in quadriceps strengthening was 
compared and assessed. Results showed the two types of 
exercise were equally effective.
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The majority of the literature from 1980 to the

present does not support isokinetics as a superior exercise 
method to other strength training modes. Meadors and
associates (1983) compared three conditioning protocols on 
the muscular strength of sedentary college women. The pro
gressive resistance training programs employed were the 
DeLorme, Isokinetic, and Isotonic Controlled Repetition.
Data analysis indicated a definite superiority of the two
isotonic programs over the isokinetic program. Cotner 
(1983) compared the three strength training methods to
determine if one method was superior to another in effecting 
the strength and power of the lower extremities in adult 
men. The results indicated that constant accommodating and 
variable resistance exercises may be of equal value in 
effecting muscular strength and power.

Shields and colleagues (1985) compared leg strength 
training equipment to determine whether variable resistance 
(isotonic) or accommodating resistance (isokinetic) training 
was superior in developing leg muscle strength, endurance, 
and performance. The findings indicated there is no clear 
superiority of one type of equipment over another when using 
the same training method. Lander and associates (1985) 
compared two types of upper body strength modalities. A 
free weight and isokinetic bench press were compared and 
evaluated. The results of the study suggest that free 
weights may affect muscles in a similar manner as isokinetic



18
devices with respect to force production patterns during the 
oscillation phase.

Smith and Melton (1981) divided twelve individuals 
into four groups: (1) control^ (2) isotonic variable
resistance training, (3) low-speed isokinetic training, and 
(4) high-speed isokinetic training. All exercised groups 
showed good gains in strength when tested isometrically, 
isotonically and isokinetically. However, when the partici
pants were tested for motor performance (vertical jump, 
standing broad jump, 40-yard dash), fast isokinetic exercise 
was shown to increase strength and performance levels more 
efficiently than low-speed isokinetic training or training 
with isotonic variable-resistance modes. These results do 
not support the present literature.

Isokinetic Exercise for Rehabilitation

As mentioned earlier, muscle possesses the capacity 
to adapt to the stresses imposed upon it by training and 
disuse. After joint surgery, joint injury, or joint related 
trauma, muscle atrophy is likely to occur.

"The purpose of rehabilitation is to develop
equilateral strength" (Sherman et al, 1981, p. 138). "The 
gain in the strength parameter appears to depend on the type 
of trauma, the rehabilitation program, and the motivation of 
the patient" (Parker, 1981, p. 123). It has been shown that
surgery and the subsequent clinical management can markedly
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affect recovery time. Research indicates the type of 
surgery, the length of immobilization, and the type of joint 
motion allowed during immobilization influence the return of 
the range of motion (Haagmark and Erikson, 1979; Sherman, 
1983). Generally, "the earlier active motion is resumed, 
the earlier full range of motion is recovered" (Sherman, et 
al, 1983, p. 122).

During the past decade, isokinetic training and 
testing devices have assumed an important role in athletic 
screening, injury evaluation and rehabilitation. These 
devices have prompted a renewed interest in individual 
rehabilitation, especially in the areas of rehabilitative 
success and safety.

Advantages of isokinetic training from a physio
therapeutic standpoint include:

1. "Safe" muscular contractions, since the resistance is never greater than the produced muscular tension (Sherman et al, 1982, p. 155).2. Reciprocal exercise patterns (i.e., extension-flexion, abduction-adduction), (Sherman et al, 1982, p. 155).3. Some isokinetic devices are equipped for rehabilitation and training and also injury evaluation (Elliot, 1978, p. 2410).4. Can accommodate to various type of muscle fibers, due to "specificity of training" (Elliot,1978, p. 2410).5. Since the machines are accommodating, if less force is applied to the lever than that at which it is set, no resistance will be encountered; therefore, injury is avoided, because no weight is left to fall on the tested limb (Elliot, 1978, p.2410) .
The major drawback to the isokinetic technique is 

that it cannot test the eccentric strength of the muscles.
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During strenuous activity, one of the muscle * s major roles 
is joint stabilization, which is often accomplished through 
eccentric contraction (Gleim et al, 1978). The inability to 
assess muscle resistance to stretch could be an overlooked 
predictor of injury (Elliot, 1978; Gleim et al, 1978).

Isokinetic exercise for rehabilitation has been 
utilized and incorporated into many types of physiotherapeu
tic programs. Isokinetics has been successfully used alone, 
and in conjunction with, isometrics and isotonics to 
strengthen skeletal muscle after injury and/or surgery, and 
to safely test and improve muscular strength, range of 
motion, and gait pattern in patients debilitated by severe 
injury or disease.

Aronen and Regan (1984) examined twenty midshipmen 
at the United States Naval Academy who has sustained primary 
anterior shoulder dislocations. All participated in an 
identical treatment regimen which included exercises which 
progressed from isometrics through isotonics and isokine
tics. A success rate of 75% in a group followed an average 
of 35.8 months suggests that an aggressive rehabilitation 
program can improve the likelihood of a full return to 
activity without recurrent shoulder dislocation.

Research indicates that isokinetic training may be 
superior to weight training and self-training when increas
ing muscular strength of the quadriceps after knee ligament 
surgery (Grimby et al, 1980). Grimby and colleagues
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strength improvement and an aerobic effect. A device that 
contours the upper body and contributes to weight control 
could be invaluable among body conscious individuals. 
Improvement of physical appearance was the primary reason 
the majority of subjects participated in the study.

Recommendations

Based on the results of this study, the following 
recommendations are suggested:

1. Utilize "The Mule" and adopt developmental 
protocol for muscular strength enhancement.

2. Use repetition maximum scores from Quadrant II 
instead of Quadrant I of the protocol and 
compare these scores to the mean post-test 
maximum repetition scores for each exercise. 
Strength improvements due to possible subject 
learning experience may be eliminated.

The following recommendations for further study are 
suggested:

1. Replication of this study with a larger sample.
2. Replication of this study using highly-motivated 

intercollegiate athletes.
3. Replication of this study to compare the 

training effect of "The Mule" to competitive 
isokinetic-like upper body strength devices.
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4. Replication of this study which would investi
gate the relationship between isokinetic-like 
exercise and cardiovascular improvement.

5. Train and test men in addition to women.
The following recommendations for improvement of

"The Mule" and protocol are suggested:
1. A protocol change which would not allow the

subject to begin a new quadrant until his 
repetition maximum from the last quadrant has 
been surpassed should be adopted.

2. Enlarge "The Mule's" PSI gauges to provide the
exerciser with visual feedback during perfor
mance of exercise repetitions.
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APPENDIX A

SUBJECTS AGE, WEIGHT, AND WEEKLY EXERCISE SCHEDULE

Age Weight Weekly Exercise

22 127 twice weekly
22 130 four times weekly
24 120 six times weekly
42 123 twice weekly
24 137 four times weekly
33 118 twice weekly
22 118 daily
23 127 twice weekly
25 115 twice weekly
23 125 twice weekly
26 116 twice weekly
29 140 daily
21 120 daily
29 115 four times weekly
30 133 twice weekly

X = 26.3 X = 124.9
R = 21 to 42 R = 115 to 140



APPENDIX B 
"THE MULE" PROTOCOL
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an
A

1. Determine 1 repetition maximum at IC.
2. Calculate 70% of IRM at IC.
3. Repeat 1 and 2 for all exercises
4. Set "Mule" at lA for resistance
5. Subject must complete 10 repetitions at 70% 1 RM 

in both directions.
6. When 10 repetitions completed at resistance 

setting at lA, set resistance at IB, repeat 10 repetitions 
at 70% IRM.
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7. When 10 repetitions completed at resistance

setting IB, set resistance at IC, repeat 10 repetitions at
70% IRM.

8. When 10 repetitions completed at resistance
setting 1C, must set a new repetition maximum.

9. Determine IRM at IIC.
10. Calculate 70% of IRM at IIC.
11. Repeat procedure for every quadrant (II, III,

IV) .

*If subject does not complete an exercise repetition (one 
direction) within three to five seconds, return resistance 
to previous area (A,B,C) in quadrant, increase target to 75% 
IRM and repeat A,B,C series.
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APPENDIX C 
SUBJECT DATA SHEET

NAME AGE SEX M
HEIGHT WEIGHT

Types of activities in which you participate during an ’’average” week ________________________________________

Previous weight training experience

Are you enrolled in an HPE activity class this quarter? Y If Yesf what activity? _________________________________ N

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Biceps curl Bench Press Military Press Right inside c . Left inside c. Upright row Flex (pole)

MAX MAX I II MAX MAX III IV MAX MAX I II MAX MAX III IV
TricepsPullLat pullPushPushPushExtend

Biceps curl Bench Press Military Press Right inside c Left inside c. Upright row Flex (pole)

I II 70% 70% III70% IV70%
I II 70% 70% III IV 70% 70%

Triceps
PullLat pullPushPushPushExtend
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APPENDIX D 
SUBJECT TRAINING RECORD

EXERCISE DATE/REP

Biceps
Triceps
Bench up
Lat down
Military up
Mi lit. down
Rt In C. up
Rt In C. dn
L. In C. up
L. In C. dn
Uprite R up
Uprite R dn
Flex pole
Extend pole

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Comments :
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APPENDIX E 
MAJOR MUSCLE GROUPS EXERCISED

Exercises ♦Muscles

Two-Arm Curl 
Flexion:

Extension:

Bench Press 
Push:

Pull:

Military Press 
Push:
Pull:

Right, Left Inside Cur_l 
Pull:

Push:

Upright Row 
Pull:

Push:

♦Biceps, ♦Brachialis, ♦Brachio- radialis
♦Triceps, ♦Anconeus, ♦Latissimus dor si

♦Pectoralis, ♦Deltoids, ♦Triceps, ♦Serratus Anterior
♦Teres Major, ♦Trapezius, ♦Rhomboids, ♦Latissimus dorsi

♦Deltoids, ♦Triceps, ♦Trapezius
♦Rhomboids, ♦Latissimus dorsi, ♦Pectoralis, ♦Biceps

♦Trapezius, ♦Wrist flexors, ♦Deltoids, ♦Biceps, ♦Brachialis, ♦Brachioradialis
♦Triceps, ♦Anconeus, ♦Wrist extensors, ♦Latissimus dorsi

♦Deltoids, ♦Trapezius, ♦Biceps, ♦ Brachialis, ♦Brachioradialis
♦Triceps, ♦Latissimus dorsi
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APPENDIX E - Continued

Pole
Flexion: *Biceps^ *Anterior deltoid
Extension: *Triceps, ^Latissimus dorsi,*Rhomboids, Posterior deltoid

^Muscles classified as prime movers
Source: Miller, K. E., Unpublished Mule Manuel,Missoula, Montana, 1986
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