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CHAPTER I
INTRODUCTION AND STATEMENT OF THE PROBLEM

Power of the lower extremity is of considerable importance to
success in many court and field activities, Consequently, coaches and
trainers are interested in establishing training techniques designed to
improve power performances, The first problem was to determine a means
by which power could be measured, The vertical jump test has often
been used as a measurement of leg power (3, 4, 7, 12, 13, 26), Using
a vertical jump test, researchers can measure performance differences
in trained and untrained individuals but not the particular character-
istics of power, For example, power or maximum strength at different
speeds of contraction are parameters that cannot be accurately measured,
There is a need for a test that can measure characteristics of power
and better detect differences between trained and untrained individuals,
More specific and accurate measurement techniques allow an increased
capacity to detect training effeets and ultimately may improve train-
ing techniques.

Recently a bloengineer, James Perrine, developed a totally new
concept of resistive training called isokineties. Some isockinetic exer-
cisers make it possible to measure force-time curves during the per-
formance of a movement at various speeds.1 The force-time curves allow
for the measurement of the following: (1) rate of tension development:

(2) maximum strength; and (3) total area under the force-time curve,

1 Super Mini Gym Corporation, Independence, Missouri,

1



2
If these measures are found to be reliable and to discriminate between
trained and untrained subjects, they would provide information that
could increase the capability of detecting training effects and allow
for the development of training programs more specific to the develop=-

ment of power,

STATEMENT OF THE PROBLEM

The purpose of this study is two-fold: (1) to compare differ-
ences in performance betwsen active and inactive women on vertical
Jumping ability and three measurements taken from isokinetic force-time
curves 1n the knee extension-hip extension movement at two contraction
speeds; and (2) to determine the interrelationships between vertical
Jjumping ability and the three characteristics of the force-time curves
measured at two contraction speeds, The three characteristies are rate
of tension development, maximum strength, and total area under the

curve,

LIMITATIONS

It is essential to the validity of this study that maximal
effort Pe exerted on each test, College women aré not accustomed to
strenuous physical exertion and there is the possibility that some may
not.have realized their fullest potential, Other studies have experi-
enced the problem of reliability when using women subjects performing

strength measures (15, 17, 22),



DEFINITIONS OF TERMS

Isometric contraction

A muscle contraction in which there is no movement,

Isotonic contraction

A muscular contraction where resistance remains constant
throuchout the range of a movement,

Isokinetic contraction

A muscular contraction where the speed of contraction remains
constant and resistance varies directly with the amount of force
applied at any point in the range of the movement,

Power
The capacity to produce maximuh muscular contraction in the

shortest possible time (3), Power = Force x Distance
Time




CHAPTER II
REVIEW OF LITERATURE

The review of literature chapter is generally divided into four
major categories, The first section presents studies relative to test-
ing procedures followed such as preliminary exercise, jump test used,
and the particular jump used in test correlations, The second seetion
considers past studies involving tests of leg strength and power and
their relationship., Section three ineludes studies dealing with train-
ing techniques and their effect on vertical jumping ability., Finally,
the last section presents studies specifically related to isokinetic

exercise,

STUDIES RELATED TO TEST PROCEDURES

Richards (24) found significant improvement in jumping perform-
ances by eighty sixteen~year-old girls following a one to two minute
warm-up exercise (stool stepping)., She divided the subjects into four
groups and tested them at one, two, four, and six minute work tasks
prior to jumping tests, The one and two minute tasks improved performe
ance approximately twenty percent. There was no effect by the four
minute level and twenty-seven percent impairment by the six-minute warm-
up,

Pacheco (23) found results similar to Richards, She reported
that her subjects improved in vertical jumping nearly eight percent

N



5
using stationary running as the warm-up exercise, Sﬁe alss axparienced
increases of 2,88 percent and 4,99 percent with warm-ups of deep knee
bends and isometric stretching, respectively.

Gray and others (12) conducted a study using college males to
determine a more efficient methed of testing vertical jumping ability,
He used four tests, the jump reach, standing broad jump, squat jump,
ard modified vertical power jump to investigate their relationship to
the standard power jump test he devised earlier (13). The standard
power jump test had a coefficient of objectivity of 0,981 and a retest
correlation of 0.985, Gray reported the modified vertical power Jjump
to have a validitly coefficient of 0,989 and to be significantly more
valid than any of the other tests. The squat jump measured 0,840, the
standing broad jump 0,682, and the jump reach method 0,780, The modi-
fied vertical power jump was also found to be less time consuming,
eliminated body and arm swing, took less time to learn, and was easier
to measure,

Whitley and Smith (26) found higher correlations using the aver-
age of the trials in their tests, Using sixty college meales, they
determined an r = ,66 using average scores versus r = ,57 using "best®
scores when correlating strength with speed. McCraw (20) also found
higher correlations using average scores rather than best but reported
the difference was not of significance., He further stated that it
would seem that the best of three would be an acceptable method.
Berger and Sweney (4) concurred with MeCraw and stated there is no

logical reason for using one in lieu of the other.



RELATIONSHIP OF LEG STRERNGTH AND LEG POWER

MeClements (19) tested eighty-six college males to compare
power of the lower body, as measured by the vertical jump and body
weight, with the strength of leg and thigh flexor and extensor muscles,
He also compared the effect on power of strength development of agonis-
tic muscle groups, All four training groups increased significantly
in flexion strength, extension strength, and power, All programs were
found to be equally effective, He added that, although strength is
related to power, gains in strength are not necessarily related to
gains in power,

Costill (9) found that the squat 1ift was related to anaerobic
power in a study using seventy-six college men, sixty-five of which
were varsity football players, He also noted that the relation between
squat 1ift and body weight was significant., Since body weight was used
in calculating anaerobic power, he hypothesized that body weight might
have accounted for the correlation of squat 1ift and anaercbic power,

Smith (25) ran a similar study to that of Costill's and found
a low, nonsignificant correlation between ratioc of tested strength and
body weight to vertical jumping ability, His study was comprised of
seventy college males tested in a position Hesigned to employ the power
thrust of the major muscle groups involved in vertical jumping., Smith
reported that strength exerted against a dynamometer involves a differ-
ent neuromotor pattern than strength exerted in the vertical jump move-
ment pattern,

Gray (13) concluded from a study using male adults as subjects

that leg speed as measured by a bicycle ergometer and leg power as



measured by the vertical jump are significantly related at the ,001
level of confidence, His procedure on the bicycle ergometer had a

retest reliability of 0,969,

EFFECT OF TRAINING METHODS ON VERTICAL JUMP PERFORMANCE

In a study using isometric training, Ball (1) divided sixty-
thres college males into two groups. He trained one group with iso-
metries and the other was untrained. Results found significant
improvements in strength measures of the trained group but no signifi-
cant increases in vertical jumping ability,

Lindeburg (18) tested seventy-six eighth grade boys for broad
jumping ability and then trained them using isometrics for a six-week
period, Results showed no significant improvement in broad jumping
ability.

In a study including both static and dynamic training, Berger
(5) trained four different groups of college males, Group I (N=29)
trained with ten repetitions maximum per work-out, group II (N=20)
worked at fifty to sixty percent of maximum for ten repetitions, group
IIT (N=21) trained statically, and group IV trained by performing ver-
tical jumps. Dynamically trained groups improved significantly more
in vertical jumping than did the statically trained group or the group
trained by vertical jumping alone, Berger added that the static train-
ing did not involve specifieity of exercise as did the dynamie training,
According to Moffroid (21) specificity of exercise is important, She
explains that the amount of work done 1s not as important as the rate

at which it is done,
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Chui (7) trained two groups of college freshmen and sophomoras
with weights to improve vertical jumping ability. Both groups were
reported to have improved significantly in vertical jumping ability,

Daugherty (11) used two high school basketball teams in a simi-
lar study., One team trained with weights including overhead presses,
curls, heel-raises, and half knee bends, The other group used an
apparatus which made it possible to actually jump while holding weights
on the shoulders, Results showed significant inecreases in vertical
Jumping ability for both groups and the group Jjumping while holding
weights on their shoulders improved significantly more than the other

group.

ISOKINETIC EXERCISE TRATNING STUDIES

Hislop and others (14) used fifty-one physically normal sub-
jects to test the effectiveness of the isokinetic exerciser, After an
eight-week training period, the isokinetic exerciser was found to be
more effective in strength improvement than was the weight training
technique employed, The isokinetic exerciser also was found to work
well as a dynamometer for measuring muscle performance, including
torque parameters, total work, and power rates,

Knight and George (16) used isotonics and isokineties to train
thirty-nine college men. Group I used an isotonie technique (weights),
group II trained with an isokinetic exerciser, and group JII remained
untrained, After a six-week training session, results indicated no
significant differences between isotonic and isckinetic fechniques.

There was, howsver, significant improvement in muscular powsr with



both methods., Margarla's Power Staircase Test was used to determine

power increases,

SUMMARY OF REVIEW OF LITERATURE

The following swrmarization is offered in review of the liter-
ature cited: .

1. Leg strehgth and leg power are related but strength gains
are not necessarily accompanied by similar gains in power,

2, Static strength measures are not specific to the dynamic
measure necessary for power assessment,

3. Isotonic training produces increases in leg strength, leg
power, and vertical jumping performances,

4, Isokinetic exercise has been found to be effective in
improving mscle rehabllitation, strength development, powsr develop-

ment, and vertical jump performances,



CHAPTER III
PROCEDURE

This chapter includes information concerning selection of sub-
jects, testing procedure followed, data reduction techniques, and sta-
tistical methods used for dstermining correlations,

This study was conducted in the spring semester, 1972-1973, at
Kansas State University, All equipment and facilities utilized were
the property of the Physical Education Department, The investigator
and one volunteer carried out the testing procedure which took two

weeks,

SELECTION OF SUBJECTS

\

Fifty female college students at Kansas State University aged
eighteen to twenty-four years were tested. As subjects volunteered,
they were questioned as to their daily activities and classified either
active or nonactive, Those subjects actively involved on an athletie
team at Kansas State or currently participating in a daily physical
fitness program were classified as active.: Those subjects neither
actively competing nor engaging in a regular fitness program were
classed as inactive, Testing time schedules were arranged to suit the

convenience of the subject,

10
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TESTING PROCEDURE

Three tests were administered to each subject: (1) the modi-
fied vertical power jump, (2) the isckinetiec power thrust, slow speed,
and (3) the isokinetic power thrust, fast speed, The three tests were
administered in one testing session with the order of administration
of the tests rotated to control for warm-up and fatigue effects. Four
testinz sequences were used: (1) vertical jump, power thrust slow,
power thrust fast, (2) vertical jump, power thrust fast, power thrust
slow, (3) power thrust slow, power thrust fast, vertical jump, and (4)
power thrust fast, power thrust slow, vertical jump, Five-minute rest
intervals were allowed between the vertical jump test and the power
thrust tests, Before beginning testing, each subject followed the
warm-up exercise program listed below:

i. Bend and touch toes slowly. Keep feet together and knees

straight, Repeat five times,

2., Squat to ninety-degree angle at the knee, Xseep hands on

hips, Repeat five times,

3. Run in place, Raise knees high, Repeat until left foot

touches twenty times,

%, Jump vertically twice. Do not exert a maximal effort,

To test vertical Jumping ability, each subject touched the mid-
dle fingers of their preferred hand in a container of white chalk, The
subject then stood with the preferred side to the testing wall, reached
on tip toes, and touched as high as possible, Next, the feet were
spread to approximately shoulder width, the nonpreferred hand was tucked

in the shorts behind the back, and the arm of the preferred hand was
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held in vertical extension with that side next to the wall, Finally,
the knees were flexed until the upper legs were nearly or completely
horizontal to the ground (knee joint angle approximately ninety degrees),
The subject held this position momentarily and then jumped and touched
as high as possible., No arm swing or bouncing was allowed, The dis-
tance between the highest point touched on tip toes and the highest
point touched after jumping was measured and recorded, Three trials
were given with thirty-second rest periods between each trial,

Identical procedures were used for the two tests on the power
thrust machine except for the rate of speed, The slow speed was set at
6.3 feet per second and the fast speed was set at 8,6 feet per second,
The subject positioned himself in the machine similar to the ready posi-
tion for the vertical Jjump test, The knees were flexed to the same
angle and the back was held straight (see Figure 1), The movement was
a maximum effort vertieally against the machine. One trial was allowed

at each speed with a three minute rest interval betweesn efforts,

DATA REDUCTION METEODS

The powsr thrust machine used in this study was manufactured by
the Super-}ini Gym Corporation, Independence, Missouri, and was equippsd
with a device that recorded on graph paper force-distance curves, From
this recording, maximum strength, rate of tension development, and total
area under the force-time curve was measured and recorded, Figure 2
provides an example of a force-distance curve as used in this study,

The peak of the curve (A) was used as the measure of maxinum strength,

The rate of tension development (B) was taken by measuring the half-
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Figure 1. Isokinetic Power Thrust Machine
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time slope of the curve, This was done by determining the beginning
of tension development, the peak of the curve, and findings the mid-
point of that distance, The angle from the mid-point on the curve to
the peak was used as the rate of tension development. Finally, total
area under the curve (C) was measured with the use of a planimeter,
All results of total area are reported in 1/100 of square inches,
Weights were used to calibrate the power thrust machine to actual
pounds of force, It was determined by calibration with weights that
the read-out of maximum strength in pounds was equal to .67 of the true
force, The results of this study for maximum strength have been cor-
rected accordingly. However, to determine true strength of the indivi-
dual it would be necessary to compute a correction factor for the lever
advantage presented by the machine, This correction factor was found
to be ,657, For the purposes of this study, it was not necessary to
use this factor., If desired, the strength figures in Table II can be
multiplied by .657 to yield true strength of the subject, To convert
planimeter units to ft, 1b,/sec., mltiply by 62,2 (fast speed) or

49,8 (slow speed). This figure was arrived at by use of the following

formula:
P=5Sx1D
t
where:
P = power; S = actual strength in pounds; D = distance moved;
t = duration of contraction

On the recording, one inch vertically wuas equal to eighty-eirht pounds
of force and one inch horizontally on the graph equalled 1,12 sec,
(fast speed) or 1,4 sec, (slow speed), Also, one inch corresponded

to .792 ft, in distance irrespective of the testing period, Therefore,
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to convert hundredths of square inches into ft, 1b,/sec,:
1, Fast speed (8.6 feet per second)

P =88 1bs, x ,792 ft, = 62,2 x planimeter reading = ft, lbs, per sec,
1,12 sec,

2, Slow speed (6.3 feet per second)

P =88 1bs, x ,792 ft, = 49,78 x planimeter reading = ft, 1lbs, per sec,
1.4 sec, .

STATISTICAL METHODS

The ,05 level of confidence was used in all statistical tests
for significance., A t=test for individual samples was run to test for
significant differences in performance measures between trained and
untrained subjects, The Fearson Product Moment Correlation Coefficient
was used to investigate intercorrelation of performances in vertical
Jjumping and each of the characteristics measured by the isokinetlc
exerciser, The coefficients were converted to z-scores to determine if
they were significant, Finally, eleven subjects were tested on two dif-
ferent days to determine the reliability of each of the measures
recorded, These subjects were chosen according to individual availabil-

ity for testing., Seven were active and four were inactive,



CHAPTER IV
RESULTS AND DISCUSSION

This chapter presents the results of the data analysis and a
discussion of those results, The material is presented under three
major sections: (1) results of reliability corrslations,-(Z) summary
of the comparison of trained and untrained women, and (3) intercorre-

lations between the variables measured,

RELIABILITY RESULTS

Table I lists the reliability results for each measure, The
reliability of total area at the slow speed measure was found to be
.930 and the most reliable measure. At 447, rate of tension develop-
ment (slow speed) was found to be the least reliable measure, Reliabil-
ity of the vertical jump measure used in this study was found to be
861,
TABLE I

RELTABILITY TEST

Best Jump 861
Total Area (Fast) .856
Total Area (Slow) .930
Rate Tension Development (Fast) LB8u7
Rate Tension Development (Slow) A7
Maximum Strength (Fast) 679
Maximum Strength (Slow) 743

17
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COMPARISON OF TRAINED AND UNTRAINED WOMEN

Table II gives a summary of the comparison of trained and
untrained subjects, Total area (fast speed), total area (slow speed),
and maximum strength (slow) were found to be significantly different
between trained and untrained women, The mean scores for the trained
group were higher in every case and several of the other variables,
best jump, rate tension development (slow) and maximm strength (fast),

approached significance,

INTERCORRELATION OF VARIABLES

Table III presents the results of an intercorrelation between
the variables using the Pearson Product Moment Correlation Coeffiecient,
Group membership was not considered in this comparison. The best jump
had only low and insignificant correlations with the various measures
from the force-time curves, Total area (fast speed) was found to corre-
late significantly with total area (slow speed), rate of tension devel-
opment (slow), and maxirmum strength (fast and slow), Total area (slow)
was significantly correlated to total area (fast), rate of tension devel-
opment (slow), and maximum strength (fast and slow), The rate of tension
development (fast) was found to correlate significantly with rate of
tension development (slow). The rate of tension development (slow) cor-
related significantly with total area (fast and slow), Maximum strength
(fagt) was found to correlate significantly with total area (fast and
slow), rate of tension development (slow), and maximum strength (slow)
while maximum strength (slow) correlated well with total area (fast and

slow), rate of tension development (slow), and maximum strength (fast),
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DISCUSSION

The results of this study indicate that while the trained
group was superior in performance measures of total area (fast and
slow speeds) and maximum strength (slow speed), the differences between
the groups on best jump, rate of tension developmant (fast and slow
speeds), and maximum strengzth (fast speed) were not significant, The
basic assumption for this study was that there was a difference between
the groups with respect to leg power, The relatively poor reliability
measurements could possibly account for the inability of some of the
variables to distinguish significant differences between group perform-
ances,

The total area (slow speed) was the most reliable test and was
capable of determining differences between trained and untrained indi-
viduals, The high correlation between total area (fast speed) and total
area (slow speed) would indicate that either speed could be used in
testing, The two total area measures were also found to be significantly
related to maximm strength at both speeds, Therefore, it appears that
the total area (either speed) measure could be considered a reliable and
valid indication of power. The total area (fast and slow speed) and the
maximum strength measures could bs more direct measures of leg power
than the vertical jump, The vertical jump is a measure of the effect
of an individual's power to propel his body weight vertically, The
power measure obtained on the isokinetic exerciser is a more direct leg

power measurement that is not contaminated with elements of skill,



CHAPTER V
SUMMARY AND CONCLUSIONS

The purpose of this study was two-fold: (1) to compare differ-
ences in performance between trained and untrained women on vertical
Jumping ability and three measurements taken from isokinetic force-
time curves in the knee extension-hip extension movement at two con-
traction speeds; and (2) to determine the interrelationships between
vertical jumping ability and the three characteristics of the force-
time curves measured,

This study was conducted in the spring semester, 1973, at
Kansas State University, The subjectsrwere fifty college women used
on a voluntary basis, The women were classified either trained or
untrained depending on whether or not the subject was currently follow-
ing a daily fitness program, This fitness program could be either
collegiate athletics or a personal fitness program and still be class-
ified as trained,

Each subject was allowed three trials at wvertical jumping and
one maxirum effort at each contraction speed (1,12 feet per second and
1.4 feet per second) on the power thrust méchine. The order of admin=-
istration of tests was rotated to minimize possibilities of bias due
to fatizue or warm-up effects.

The ,05 level of confidence was used in all statistical tests
of significance, A t-test for independent samples was run to test for
significant differences in performance measures between trained and

22
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untrained subjects., The Pearson Product Moment Correlation Coefficient
was used to investigate intercorrelation of performances in vertical
Jumping and each of the characteristics measured by the isokinetic
exerciser, The coefficients were converted to Z-scores to determine
if they were significant, Finally, eleven subjects were testsd on two
different days to determine the reliability of each of the measures

recorded,

CONCLUSIONS

The following conclusions are justified from the data gathered
and should be considered within the limits of this study:

1, The following measures recorded by the isokinetic exerciser
are capable of differentiating betwesn trained and untrained women:
(a) total area under the curve (fast speed); (b) total area under the
curve (slow speed); (c¢) maximum strength (slow speed),

2. Total area under the curve (fast speed) and total area under
the curve (slow speed) are related,

3. Maximum strength (fast) measures and maxirum: strength (slow)
measures are related,

4, Total area under the curve measures at fast or slow speeds
and maximum strength at either fast or slow speeds are related,

5. There is no relationship between vertical jJumping ab:ility
and the three characteristics of the force-time curve at either con-

traction speed,



2L

IKEED FOR FURTHER RELATED RESEARCH

The following are suggestions for further related research:

1. A study similar in nature using male subjects,

2, A study similar in nature giving consideration to body
weight of the subject,

3. A longitudinal study investigating chﬁnges in force-time
curves and improvements in vertical jumping following a training pro-

gram using the isokinetic power thrust machine,



1.

9.

1o,

11,

12,

1.3

14,
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The purpose of this study was to: (1) compare differences in
performance between active and inactive women on vertical Jjumping
ability and three measurements taken from isokinetic force-~time curves
in the knee-extension, hip-extension movement at two contraction speeds;
and (2) to determine the interrelationships between vertical jumping
ability and the three characteristics of the force-time curves measured,
These characteristics are rate of tension development, maximum strength,
and total area under the curve, The subjects were fifty college female
volunteers classified as trained or untrained according teo physical fit=-
ness training programs currently being followed. Subjects were tested
for vertical jumping ability and performance on the isokinetic exercise
power thrust machine at two contraction speeds,

A t-test for significant differences between groups and between
performances of the two tests was used, Also, the Pearson Product
Moment Correlation Coefficient was used to determine correlations
between measures taken in the two tests. The data analysis revealed
that: (1) the following measures recorded by the isokinetic exerciser
are capable of differentiating between trained and untrained women:

a) total area under the curve (fast speed),.b) total area under the
curve (slow speed), ¢) maximum strength (slow 5pe§d); (2) total area
under the curve (fast speed) and total area under the curve (slow
sPeéd) are related; (3) maximum strength (fast) measures and maximum
strength (slow) measures are related; (4) total area under the curve

measures at fast or slow speeds and maximum strength at either fast or
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slow speeds are related; and (5) thers is no relationship between ver-
tical jumping ability and the three characteristics of the force-time

curve at either contraction speed.



