
ABSTRACT

MCCURRY, Diane. The effects of a seven-week isokinetic
training program on eccentric strength development.
M.S. in Adult Fitness/Cardiac Rehabilitation, 1985.
72 pp, (P. K. Wilson)

This study examined the effects of a 7 wk eccentric isokinetic train
ing program (60°/sec) on peak torque (PT), total work (TW) and peak
torque/body weight (PT/BW) of the knee extensors. Thi rty-one men
and women from the University of Wisconsin-La Crosse physical education
and physical therapy classes participated in the study. Ss were tested
for strength on the KIN-COM at 60°/sec and 180°/sec, pre and post a
7 wk training program. The experimental group (20 Ss) performed 3 sets
of 10 repetitions of eccentric knee extensions at 600/sec 3 times a wk
for 7 wks. The control group consi sted of 11 Ss, A t-test for i nde
pendent samp 1es of mean di fferences between the 2 groups was done to
determine if the training program would cause a significant increase
in strength at both slow and fast velocities. There was a significant
increase (p < .05) in R,. TW, and .p.ffBW when tested at 600/sec. When
tested at 1800/sec, there was a significant increase in -PT andPT/BW
but not in TW. It was concluded that an eccentric training program at
60°/sec causes an increase in PT, TW, and PT/BW when tested at 60°/sec.
When tested at 1800/sec, an eccentric training program at 600/sec

causes an increase in PT and PT/BW but not in TW.
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CHAPTER I

INTRODUCTION

The acquisition of strength has had considerable value since the

beginning of time. A certain amount of strength was necessary for the

performance of daily activities and the basic survival of prehistoric

man. The dawn of mechanization and the introduction of the computer

have taken away much of the present day necessity for possessing ex

ceptional strength. However, the past few years have witnessed a tre

mendous fitness revival with the most recent attention being devoted to

isotonic strength gain. In the same way that running was looked upon

as the potential panacea for all men's ills in the mid-70's, strength

training and bodybuilding have moved to the forefront as we approach

the mid-80's.

Many arguments exist regarding the optimal training method for

strength gain. Most programs that revolve around the "overload prin

ciple", where the weight being lifted becomes increasingly difficult

to handle, will successfully elicit an improvement in strength. Recent

literature points to isokinetic exercise as being a most effective way

to increase the strength of a muscle because the acconmodat tnq resi s

tance precisely matches the muscle's force capability at every point

in the range of motion (Grimby, 1982). Isotonic or isometric exercises

do not possess this same ability (Holmes & Alderink, 1984).

The range of moti on a muscle possesses cons i sts of two phases.

The first is the concentric, or the positive phase, which has often



been considered the major contributor to strength gain in a muscle.

This assumption has been based on research indicating that, for a given

submaximal force of contraction, a concentrically contracting muscle

uses more oxygen, a larger amount of ATP, and more motor-unit involve

ment than an eccentrically contracting muscle (Knuttgen, Bonde-Petersen,

& Klausen, 1971; Infante, Klaupiks, & Davies, 1964; Bigland & Lippold,

1954). The concentri c phase is defi ned as the musc1e contraction pro

ducing shortening with the load moving away from the pull of gravity.

The eccentric, or negative phase, is defined as muscle lengthening with

the load traveling toward the pull of gravity. There has been specula

tion that the eccentric phase may be contributing more to muscular

strength than the concentric phase. This speculation has been due to

research indicating that, during maximal contraction, eccentric force

can be as much as twice the concentri c force produced by the same mus

cle under similar conditions (Doss & Karpovich, 1965; Singh & Karpovich,

1966). If the latter assumption were actually true, there are signifi

cant implications for both injury rehabilitation and general fitness,

as well as for those involved in competitive weightlifting and strength

re 1ated sports.

Purpose of the Study

The purpose of this study was to assess the eccentric isokinetic

strength changes derived from training for seven weeks at a slow

velocity (60o/sec) while being tested eccentric isokinetically at

both fast (180o/sec) and slow (60o/sec) velocities on the KIN-COM

(Chattecx, Chattanooga, TN) dynamometry system.



Need for the Study

Apart from its aesthetic value, strength has many other more

practical implications. A person might require a considerable degree

of strength to complete a dai 1y job at an acceptable level. An athlete

might be able to compete more efficiently and successfully with a

stronger body. Finally, rehabilitation from injury or sickness is

often facilitated through the use of various strength building tech

niques. In conjunction with this is the ability to test for muscular

weakness or imbalance and devise a strength training program to prevent

potential injuries from occurring. Whereas the everyday worker may not

be interested in knowing the best and fastest way to get stronger, thi s

is a top priority for the athlete, physical therapist, athletic trainer,

strength coach, and exercise physiologist.

In an attempt to discover an optimal training method, researchers

have conducted many studies over the years. For the most part, these

studies have dealt primarily with· isotonic and isometric training

methods (Doss & Karpovich, 1965; Liberson, Dondey, & Asa, 1962; Singh

& Karpovich, 1966). Over the last 15 years, the use of isokinetic

exerci se devi ces, especi ally for the rehabil i tat i on and assessment of

musculoskeletal injuries, has steadily increased. The advantages,

efficiency, and reliability of isokinetic exercise and isokinetic

assessment of strength have been well documented (Elliot, 1978; Hislop

& Perrine, 1967; Moffroid & Whipple, 1970). As a result, it is con

sidered by many to be the best way to both train and assess muscle

strength to date.
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Much research has been devoted to studyi n9 the i nterre1at i onshi p

between the concentri c and eccentri c phase of museu1ar contraction

(Johnson, 1972; Komi & Viitasalo, 1977; Pahud, Rauussin, & Acheson,

1980; Rodgers & Berger, 1974). Since all isokinetic exercise, prior to

the inception of the KIN-COM, was performed concentrically, it is well

documented that the concentric phase is a definite contributor to

strength gain (Elliot, 1978; Hislop & Perrine, 1967; Moffroid, Whipple,

Hofkosh, Lowman, & Thistle, 1969; Moffroid & Whipple, 1970). Currently

there has been speculation as to the value of the eccentric phase and

what role it plays in the contractile process. More specifically, the

role of isokinetic eccentric exercise needs to be further explored.

This investigation will be facilitated by the use of a sophisticated

computerized dynamometry system known as the Kinetic Conmunicator

(KIN-COM, Chattecx). The KIN-COM is the first piece of exercise equip

ment that has the capacity to measure an eccentric contraction in the

same manner as the Cybex II (Cybex Div. of Lumex, Inc., Ronkonkoma, N.Y.)

has been able to measure a concentric contraction. Therefore, this

study will be an attempt to investigate eccentric isokinetic exercise,

which may have implications for fitness enthusiasts, and especially

athl etes and rehabi 1itative personnel.

The hypotheses formulated for this study were the following:

1. There will be no significant difference in peak torque between

the contro1 group and the eccentri c exerc i se group.

rtf



2. There will be no significant difference in total work between

the control group and the eccentri c exerci se group.

3. There will be no significant difference in peak torque/body

weight between the control group and the eccentric exercise group.

For this research the following assumptions were made:

1. The KIN-COM was a valid and reliable tool for measuring

eccentri c strength.

2. The subjects in the control group were not involved in a

strength training program prior to or during the seven week experi

mental period.

3. The subjects in the experimental group were not involved in

any other strength training program prior to or during the seven week

experimenta1 peri od ,

4. Subjects in both the experimental and control groups were

healthy.

5. One practice session was sufficient for both the experimental

and control group on the KIN-COM prior to the actual experimental

period.

6. All subjects gave a maximal effort during the exercise and

testing sessions.

7. The varied rest periods, before training started and after

training was completed, had no effect on the results of the KIN-COM

testing.

j
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De1imitat ions

This study had the following delimitations:

1. The subjects in both the experimenta 1 and control groups were

volunteers who had not been involved in any strength training program

prior to the seven week experimental period.

2. Testing and training was only done on healthy males and females

who were between the ages of 18 and 26.

3. The only muscle tested and trained was the quadriceps of the

right leg.

4. The testing and training equipment selected for use in this

study was isokinetic.

5. The subjects trained at a constant velocity of 60o / sec on the

KIN-COM.

This study had the following limitations:

1. No effort was made to control diet, amount of sleep, or

outside activities beyond the experimental setting.

2. Motivation and interest level of individuals could not be

controlled.

3. Subjects with in the contro 1 or experimental groups may have

had previous experience using isokinetic equipment.

4. A break in training of one week in duration occurred following

completion of the third week of the experimental period.

""""



Definition of Terms

Strength. For the purposes of this study, strength will be

measured as the peak torque, total work, and peak torque/body weight

as recorded isokinetically on the KIN-COM dynamometry system.

Peak Torgue. The single highest point on the graphically-produced

torque curve that is el icited by each maximal muscular contraction and

measured in Newton-meters.

Torgue. The product of a force that acts about an axis of rotation

times its perpendicular distance from the axis (Osternig, Bates, &

James, 1977, p, 254).

Work. The product of weight 1i fted times the di stance expressed

in joules (Astrand, 1977).

~. The cumulative amount of work, measured in joules,

generated for all fi ve test repet i t ions (torque curves).

Isokinetics. A form of exercise where, at a constant velocity,

the acconmodati ng res is tance prec i se 1y matches a person I s force

capabil ity at every point in the range of motion. This acconmodation

allows for maximal dynamic loading throughout the entire range of

motion. By controlling the velocity of exercise, maximum resistance

throughout the full range of motion is developed by exercising at

that velocity (Davies, 1984).

Eccentric Contraction (negative). When the distance between the

origin and insertion of a muscle increases with muscle fibers lengthen-

i ng to produce "negat i ve work".

i
, ~
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Concentri c Contraction (posit i ve) . When the di stance between

the ori gi nand insert ion of a musc1e decreases and the musc1e fi bers

shorten to produce "posit i ve work".

Untrained. For the purposes of this study, "untrained" will

refer to any individual who has not been involved in a strength

training program, of any type, prior to the experimental period.

KIN-COM. A computerized dynamometry system used in the assess-

ment and training of isometric, isotonic, and isokinetic muscle

function (Chattecx, Chattanooga, TN).

4
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CHAPTER II

REVIEW OF RELATED LITERATURE

Introduction

The revi ew of the related 1iterature for thi s study has been

divided into three sections. The first section includes literature

which deals with the concept of isokinetics. The second section

reviews the literature concerning isokinetics and its application

in clinical and exercise settings. The third section reviews the

1i terature deal i ng with concentri c and eccentri c exerci se.

The Concept of Isokinetics

Since its introduction in 1967, isokinetics has become increas

ingly popular in both the clinical setting and as a mode of exercise.

Prior to this, the only two modes available for increasing or testing

strength were isometric or isotonic. Isometric exercise occurs when

ever the resistance is of sufficient magnitude to prevent motion. In

conventional isotonic exercise, the weight is moved through a range of

motion while the load remains constant. In contrast, isokinetic

exercise is not as easily defined. Most authorities are in agre'ement

that isokinetics are dynamic muscular contractions which involve a

constant time period within which the contraction is performed (Clay

ton, 1977; De Lateur et al., 1972; Moffroid, et al ,; 1969; Thistle,

Hislop, Moffroid, & Lowman, 1967).

d
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There appears to be some di sagreement as to whether it is the 1imb or

the muscle which is moving under the constant conditions. De Lateur

et al.,(1972); Moffroid, Whipple, Hofkosh, et al.,(1969); and Thistle

et al., (1967) refer to isokinetics as a type of muscular contraction

which accompanies a constant angular velocity of the limb. Hislop and

Perrine (1967) and Perrine and Edgerton (1968) refer to isokinetics

as a constant linear rate of muscular contraction. In an attempt to

clarify the resulting confusion, Hinson, Smith,. and Funk (1979) pro

vided a mathematical proof that constant angular velocity of a limb

was not accompanied by a constant linear rate of muscular contraction.

They suggested that some other term be used to describe the type of

muscular contraction which is characterized by constant velocity.

The differentiating feature of isokinetic exercise, according to

Hislop and Perrine (1967), is the control of the speed of muscular

performance. In other forms of exercise, the energy that is put into

it is only partially absorbed. The rest of that energy is lost as the

acceleration of the exercise motion increases. This is prevented from

happening with an isokinetic device. Therefore, all of the energy

that is put into a muscular contraction is converted to a resisting

force which is always proportional to the amount of force exerted.

This allows the muscle to be stimulated equally at all points in its

range of motion, resulting in greater overall strength gain.

The Cybex II dynamometer (Division of Lumex, Inc., Ronkonkoma,

NY) is the most frequently used isokinetic device for both testing and

training (Hart, Barber, & Davis, 1981; Johnson & Siegel, 1978; Moff

roid et al., 1969; Molnar & Alexander, 1973). Prior to its invention,

i
; j
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the measurement of strength 1acked cons i derab 1e accuracy due to its

subjectivity. Johnson and Siegel (1978) conducted a study to deter

mine the re 1i abil ity of the Cybex II as a measurement devi ce. After

testing the knee extensors of 40 female volunteers between the ages of

17 and 50, reliability coefficients received were quite high, ranging

from .93 to .99. It was cone 1uded that the Cybex II was a re 1i ab1e

tool for assessing the isokinetic force of the knee extensors. These

findings were supported by Moffroid et al , (1969) and Thorstensson,

Grimby, and Karlsson (1976). Aside from the" reliability of the Cybex

II, its use in the clinical setting has also been well-documented

(Hislop & Perrine, 1967; Lesmes, Costill, Coyle, & Fink, 1978; Rosent

swieg & Hinson, 1972; Thorstensson et al., 1976).

As described by Elliot (1978), the Cybex II can measure dynamic

strength at every point in the range of motion by eccoemodat tnq re

sistance against a lever moving at a set angular velocity. This

velocity represents the speed at which the movement is performed and

can range from 0-300° per second. The Cybex II incorporates a dual

channel recorder - dynamometer and electrogoniometer which provides a

continuous printout of the range of joint angles and torque across

the entire range of motion of the limb being tested or trained. Hart

et a1. (1981) di scoverd a need for improved accuracy in the measurement

of the stylus tracings developed by the Cybex II dynamometer. They

developed a simple analog computer that "would transform the voltage

output generated by the Cybex II into a directly measurable digital

output of millivolts" (p , 177). The Cybex II can measure and record

sr1
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the torque, range of motion, work, power, and speed of contraction of

a muscle as it performs. These data are generated on a computerized

printout. Despite its many positive features, Elliot (1978) points

out that the Cybex II only has the capability to test and train con-

centric muscle strength.

Past research has explored the role of the eccentric phase of

contraction in an attempt to discover its contribution to muscular

strength (Asmussen, 1953; Bonde-Petersen, Henriksson, & Knuttgen,

1978; Johnson, 1972; Komi & Buskirk, 1972; Pahud et al., 1980). This

parameter has never been measured in terms of torque and work produced.

This gap in the literature can now be filled due to the recent develop

ment of the KIN-COM dynamometry system (Chattecx, Chattanooga, TN).

However, there has been no documentation of its reliability or valid-

ity in the literature as yet. The KIN-COM purports to measure eccen-

tri c musc1e strength in the same way as the Cybex II measures concen

tric muscle strength.

Isokinetics and Its ~l ication

Isokinetic principles have been used extensively in both the

clinical and fitness settings. In addition, isokinetics has become

wide1y used and accepted as an accurate research tool. Many studi es

have been conducted using isokinetics to train and assess changes in

muscular strength (Holmes & Alderink, 1984; Knapik, Mawdsley & Ramos,

1983; Lesmes et al., 1978; Moffroid et al., 1969; Moffroid & Whipple,

1970; Osternig et al., 1977; Rosentsweig & Hinson, 1972; Thistle et

al., 1967; Wyatt & Edwards, 1981).
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Moffroid et al. (1969) used 60 subjects to compare the increases

in strength after fO_Uf weeks of daily isometric, isontonic, or tso

kinetic exercise. They concluded that isokinetic exercise produced a

significantly greater strength increase in a shorter period of time.

These results are in agreement with a pilot study done by Thistle

et al. (1967).

The comparison of isometric, isotonic, and isokinetic exercise was

further investigated by Rosentswieg and Hinson (1972). Using quanti

tative electromyographic techniques to detect differences in electri

cal activity among the three modes of exercise, they discovered that

isokinetic contractions elicited significantly greater muscle action

potential than either isotonic or isometric contractions.

In a study conducted by Knapik, et al. (1983), isokinetics were

compared with isometrics in terms of angular specificity and test mode

specificity. The concept of angular specificity is that isometric

strength training at one joint angle will result in strength gains

only at the angle trained. Training or testing mode specificity sug

gests that strength gained using one type of training method will not

transfer when tested in a second type of training method. Using a

modified Cybex apparatus, 12 subjects trained either isokinetically or

isometrically, three times a week for ten weeks. The following con

clusions were made: 1) no angular specificity of training was demon

strated; 2) no test mode specificity was seen for isometric testing;

and 3) isometric training showed less transfer to an isokinetic test,

indicating that isometric training is not as effective in increasing

isokinetic strength.

sr1
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In another comparison study of isol<inetics and isometrics. Oster

nig et al • (1977) investigated the torque force relationships between

the two modes of exercise. The authors defined torque as "the product

of a force that acts about an axis of rotation times its perpendicular

distance from the axis" (p.254). The torque force is the force that

is exerted agai nst the 1ever arm of the exerci se apparatus throughout

its range of motion. A comparison was made. using the elbow extensor

musculature, between the isol<inetic torque at varying speeds of joint

rotation and maximal isometric forces at specified angles in the range

of motion. It was concluded that measures of isol<inetic strength can

not be used to predict isometric strength capabilities.

When training isol<inetically there exists the ability to control

the speed at which an exercise may be performed. Moffroid and Whipple

(1970) evaluated the effects of two different training speeds on mus

cular endurance and on muscular force (strength). They administered a

slow maximal exercise program to one group and a rapid maximal exer

cise to another group three times a week for six weeks. It was con

cluded that exercise is speed specific in the following ways: 1) slow

speed and heavy weight causes increases in strength only at slow

speeds; 2) fast speed and lighter weight causes strength increase at

all speeds of contraction at and below the training speed; and 3) fast

speed and lighter weight causes muscular endurance to increase at high

speeds more significantly than slow speed and heavy weight causes

muscular endurance to increase at slow speeds.

Using an isol<inetic dynamometer (Cybex II). Lesmes et al. (1978)

examined the strength gains derived from training maximally for six

i
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seconds as opposed to 30 seconds. Usi ng the fl exors and extensors of

the knee, subjects trained four times a week for a period of seven

weeks. The results indicated that: 1) training at both six seconds

and 30 seconds produced a significant increase in strength; 2) train

ing velocity could be an important consideration in improving strength;

3) tota1 work output was increased an average of 30%with ei ther tra i n

ing at slow (60o/sec) or fast (180o/sec) velocities; and 4) the rate

at which the knee extensor muscles fatigued was reduced.

The majority of studies involving isokinetics have used the quad

riceps and hamstring muscle groups in both testing and training. In

an attempt to provide normative data for comparison purposes, Holmes

and Alderink (1984) conducted a study involving high school age stu

dents. They tested the quadricep strength and hamstring strength of

47 male and female high school students at 60o/sec and 180o/sec. They

found no age effect on peak torque values and no difference in peak

torque between dominant and non-dominant limbs. They did discover a

significant difference beween the isokinetic strength of males and

females. The ratio of hamstring muscle to quadriceps femoris muscle

was 57 percent at 60° /sec and 70 percent at 180° /sec. Costai nand

Williams (1984) support these findings in their study on adolescent,

female soccer players. They measured the hamstring and quadricep

torque levels of 16 subjects at fast (1800/sec) and slow (300/sec)

speeds. They found that torque values for extens i on were greater than

those for flexion for both legs at both speeds. The hamstring/

quadriceps ratio was 0.61 at 300/sec and 0.78 at 1800/sec. Wyatt and

i
I•



16

Edwards (1981) measured the torque values of the quadriceps and ham

strings during isokinetic exercise of 50 untrained males and 50 fe

males. Subjects were tested at 60,180, and 300o/sec on a Cybex II

dynamometer. They found that: 1) torque values decreased as speed of

exercise increased; 2) quadriceps torque values were greater than the

hamstrings at all speeds; 3) the ratio of hamstrings to quadriceps

torque values increased as the test speed increased; and 4) dominant

and nondominant knee values differed significantly for males but not for

females.

Concentric and Eccentric Exercise

Conventional weightl ifting has usually revolved around the concen _

tric phase of muscle contraction with the resultant gain in strength

attributed to that phase. Some attention has been given to the study

of the eccentric phase of muscle contraction and its effect on muscular

performance (Bonde-Petersen, Henriksson, &Knuttgen. 1973; Friden &

Sjostrom. 1981). Several studi es have attempted to make compari sons

between the two, with regard to different variables (Asmussen, 1983;

Johnson, 1972; Knuttgen, Bonde-Petersen et a1., 1971; Knuttgen & Klau

sen, 1971; Komi & Buskirk. 1972; Komi & Viitasalo, 1977; Rodgers &

Berger. 1973; Tal aq, 1973).

Knuttgen, Bonde-Petersen, and Klausen (1971) conducted a study to

determine the aerobic energy cost in subjects \'/hoexercised either con

centrically or eccentrically. Oxygen consumption was determined by

both the intensity of the work and the speed at which the work was
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performed. They di scovered that oxygen consumption for eccentri c exer

cise was considerably less than for concentric exercise. Subjects also

exhibited lower values in both pulmonary ventilation and steady-state

heart rate while performing eccentrically. In a similar study per

formed by Knuttgen and Klausen (1971), the same physiological responses

were observed with the addition of muscle blood flow. Four subjects

cyc1ed on a treadmi 11 for three and six minutes at equa 1 i ntens i ties.

Concentric work consisted of cycling uphill on the treadmill, while

eccentric work was performed by resisting the tendency of the bicycle

to accelerate forward when the front of the treadmi 11 was tilted down-

ward. A minimal oxygen deficit was observed at the start of eccentric

work. After six minutes of exercise, oxygen debts were larger for

concentric work and lower for eccentric work.

Rodgers and Berger (1974) had 12 male subjects perform submaxima1

and maximal contractions of their elbow flexors concentrically, iso

metrically, and eccentrically in order to study the tension and motor

unit involvement. Using a Cybex II dynamometer and keeping the angular

velocity constant, average torque produced during maximal eccentric

contractions was measured as being almost twice that of maximal con

centric contractions. However, they did not discover a significant

difference between the two types of contraction when looking at the

degree of motor-unit involvement.

In an attempt to determine whether muscles util ize the mechanical

energy received during eccentric exercise, Bonde-Petersen, Henriksson,

and Knuttgen (1973) exercised subjects eccentrically for a period of i
i
!
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five weeks. Muscle biopsies were taken before and after this training

period as well as measurements of respiratory exchange. Oxygen con

sumption and heart rate were lowered by training but there were no

significant changes found in muscle metabolite concentration.

Eccentri c work has been characteri zed in the 1iterature as i nvo1v-

in9 a smaller expenditure of energy and a decreased amount of motor

unit activity compared to concentric work under simi 1ar conditions

(Asmussen, 1953). In 1972, Komi and Buskirk discovered that eccentric

contraction had the ability to elicit a much higher muscular tension

than concentric contraction. In an effort to investigate this

relationship, Komi and Viitasalo (1977) designed a study to investigate

the changes in motor-unit activity and muscle metabolism during and

after repeated eccentric and concentric contractions. They measured

the electromyographic, muscle glycogen, and blood lactate changes in

the quadri ceps musc1e group duri ng repeated maximal eccentri c and con

centric contractions. They also observed these same measures during

the four days immediately following the test. Their results indicated

that the electromyographic (EMG) patterns, muscle glycogen and blood

lactate all changed in a similar way under both conditions. There was

no difference in the glycogen depletion of both fast and slow twitch

muscle fibers for both concentric and eccentric work. They did notice

that the eccentric work was responsible for the muscular soreness which

reached its peak during the second day following the test. It also

took longer for the eccentric EMG patterns to return to normal after

the test than it did for the concentric EMG patterns. Talag (1973)
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reported similar findings concerning muscular soreness after eccentric

and concentri c work. Muscu 1ar strength and 1imb volume measurements

were taken 24, 48, and 72 hours post-exercise along with ratings of

muscular soreness. Results indicated that eccentric contractions pro-

duced greater muscular soreness, especially after 48 hours, than both

concentr-ic and static. Limb volume continued to be elevated following

eccentric exercises whereas it returned to normal following concentric

and static exercise.

In a study to determine the relationship of concentric and eccen

tric exercises to strength gain, Johnson (1972) put two groups of

college-age males on different training programs. One program utilized

concentric muscle contractions and the other used eccentric muscle con

tractions. Each group trained three times a week for a period of eight

weeks. The results showed significant strength gains for both groups

but neither procedure was found to be superior to the other, nor were

the weekly changes in strength any different for either group.

Friden and Sjostrom (1982) investigated the effects of sustained

eccentric training on nine male subjects (17-28 yrs). The training

program involved the use of a modified bicycle ergometer on which

subjects trained two to three times a week for two months. The exer

cise was performed each time to exhaustion. Pronounced soreness of the

knee extensors concomitant to a s 1i ght decrease i n concentr t c power was

experienced during the first two weeks of training. After the soreness

had disappeared, and after training, a slight increase in normal con

centric power at all angular velocities was seen. Eccentric work

!
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increased by 375% from pre to posttraining. There were no improvements

seen in V02 max or musc1e hypertrophy. It was cone1uded that the 1arge

improvement in endurance strength indicated that the muscle fibers

adapted to the high tension developed during eccentric contractions.

In reviewing the 1iterature related to eccentric training, it was

discovered that there were no publications to be found using eccentric

isokinetics as a testing or training mode.

In this chapter the review of literature was divided into three

sections. The first section dealt with the concept of isokinetics.

It was found that isokinetics has become widely used both clinically

and as a method for increasing muscular fitness. The literature re

1ated to the Cybex II dynamometer was presented to estab1i sh the use

and reliability of isokinetic equipment as a testing tool.

The second section reviewed the various studies that have been

conducted utilizing isokinetic principles and equipment. It was

generally agreed that isokinetics is a superior means for both train

ing and testing muscular strength when compared to isotonic and iso

metric methods.

The third section was a review of several studies that have been

conducted to invest i gate the re 1at i onshi p between concentri c and eccen

tric exercise. The majority of studies found that eccentric work

requ ires 1ess energy to perform but also creates a greater degree of

muscular soreness than concentric work. No publications were found in

the literature concerning the use of isokinetics in eccentric exercise.



CHAPTER III

METHODS

Introduct i on

The purpose of this study was to assess the eccentr-ic isokinetic

strength changes derived from training for seven weeks at slow veloci

ty (60° Is) while being tested eccentric isokinetically at both fast

(1800/s) and slow (600/s) velocities on the KIN-COM. This chapter

has been divided into the following sections: 1) subject selection,

2) description of equipment, (3) testing procedures, 4) training

procedures, 5) description of data output, and 6) statistical treat

ment of data.

Subject Selection

The subjects who participated in this study were 31 male and

female volunteers with no prior involvement in any type of strength

training regimen. They were all enrolled as students at the Univer

sity of Wisconsin-La Crosse and were between the ages of 18 and 26

with a mean age of 20.8 years.

Description of Eguipment

KIN-COM System

Until recently there has been no reliable tool available to

accurately measure eccentric muscular contraction. A system has been

21
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developed recently that has the ability to measure this parameter.

The KIN-COM is a hydraulically powered, computer controlled exercise

system (Figure 1). It has the capacity to provide resistance exercises

for all single joint movements. It can accommodate concentric or

eccentric contractions in an isometric, isotonic, or isokinetic mode.

The force or velocity, range of motion, and duration of the exercise

can all be set by the operator through co~puter input. For the pur

poses of thi s study, the use of the KIN-COM was 1imited to its abil ity

to test and train isokinetic eccentric contractions of the knee exten-

sors. The researcher chose the KIN-COM to test the experimenta1 group

and control group and to train the experimental group.

The KIN-COM is similar to the Cybex II in both set-up and appear

ance. It consists of two adjustable tables for testing most joints in

the body and a rigidly mounted dynamometer placed between these two

tables. Unlike the Cybex II, the KIN-COM dynamometer is inmovable,

not on a rolling pedestal. Also, test velocity is selected through

computer input and not by a separate speed selector unit, as on the

Cybex II. A printer, included as a separate unit, simultaneously pro

vides a graphic display of the exercise output and also supplies the

computer pri ntout of all exerci se-re1ated data. The fi na1 component

of the KIN-COM system is a computer terminal for data input.

As with the Cybex II, the KIN-COM has the capacity to supply

information on many exercise parameters. Only three parameters were

used in this study: 1) peak torque; 2) total work; and 3) peak torque

to body weight ratio (expressed as a percentage). The KIN-COM com

puter precisely calculates the torque value at every 10° increment



Ftgure 1. The KIN-COM System (Chattecx)
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in the range of motion. Peak torque is then selected out as the

single highest value that occurs, and measured in Newton-meters.

Total work is calculated as the total work performed regardless of

speed, range of motion, or time, and is measured in joules. Peak

torque to body weight ratio is calculated with respect to the muscle

group (s ) bei ng tested and is expressed as a percentage.

Testing Procedures

This study required the participation of two groups of human sub

jects. The first was an experimental group consisting of 20 subjects

who trained eccentrically on the KIN-COM. The second was a control

group that consisted of 11 subjects who participated only in the pre

and posttests.

All subjects who verbally agreed to participate in the experiment

were asked by the researcher to read and sign an informed consent form

(Appendix A). The subjects' names were then placed in a hat and ran

domly drawn out in such a manner that one control subject was selected

for every two experimental subjects selected. Through this process of

randomization, the two groups were created. Subjects were verbally

screened concerning their prior exposure to or usage of isokinetic

exercise equipment. Those subjects affirmatively acknowledging past

exposure to isokinetic devices were then selected out and equally and

randomly re-distributed between the two groups to help nullify the

potential bias or advantage they may have possessed.

All subjects were schedu 1ed to be pretested duri ng a one-week
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time period. Each pretest session was approximately 20 minutes in

1ength. After the informed consent was gi ven, the researcher gave each

subject an explanation of the KIN-COM, as well as a demonstration of

what was required of him/her.

The subject was positioned on the KIN-COM, and the researcher

adjusted the apparatus to fit the subject's right,leg (Figure 2). To

minimize excessive motion from uninvolved muscle groups, and to get a

more accurate measurement of the muscle group being tested, the waist

and shin pad straps were made as tight as comfortably tolerable. The

location of the shin pad for each subject was determined by measuring

the di stance between the center of the patella and 1atera1 mall eo1i of

the ankle and taking two thirds of that measurement. The researcher

then recorded the resulting number in centimeters for replication pur

poses during the posttest. The shin pad was put in place by measuring

the predetermined distance down from the patella and fastening it

securely to the subject's right, lower tibial region with the use of a

separate Velcro strap.

The functional axis for knee flexion/extension at the lateral

joint line, was aligned with the dynamometer to allow maximum func

tional range of motion and a smooth, comfortable movement pattern for

the subject. The subject was moved back on the seat as far as possi

ble with the knee in full extension as the starting position for the

. test session. Upper body stabilization was achieved by asking the

subject to grasp the side edges of the seat and by fastening a torso

stabilization strap around the waist. By obtaining optimal positioning



Figure 2. The Test Position with the Velcro
Stabil ization Straps in Place
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of the knee joint and stabilization of the upper body, the effects of

possible body movements were minimized and substitution from muscle

groups other than the quadriceps was eliminated. without interfering

with range of motion.

After the subject had been secured in the proper position. a

practice session or warm-up consisting of seven sub-maximal eccentric

knee extensions was performed followed by three maximal repetitions.

using only the right leg. The researcher chose to limit testing and

training to the right leg of all subjects due to the excessive time

factor that would be involved if both legs were assessed and trained.

An identical warm-up was performed at each speed setting prior to the

actua1 tests.

Wh i 1e the subj ect was performi ng the warm-up repet i t ions. the re

searcher entered the pertinent data into the KIN-COM computer. The

first entry made was the "Passive" mode of exercise. This refers to

the type of response the KIN-COM wi11 give when activated to perform.

The passive modewill cause the exercise lever (the part the shin pad

is attached to) to move at a predetermined isokinetic speed in both

the positive and negative directions, regardless of the resistance

afforded by the subject. The researcher chose the Passive mode due to

its ability to return the subfect vs leg to full extension without the

subject having to exert any effort. This eneb led the subject to per-

. form only in the eccentric direction and relax in the concentric

direction. The researcher then had to enter in the "Start Angle" and

"Return Angle" which together comprised the predetermined range of
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motion (105°). "Positive Velocity" was entered, which referred to the

desired isokinetic speed, in degrees per second, for the concentric

direction. "Negative Velocity" was entered as the isokinetic speed

desired for the ec~entric direction. "Maximum Force". was then entered

as 1200 newtons which is the limit of force output that the KIN-COM

cannanc te before it shuts down. "Repetitions" referred to the number

of repetitions desired for the test (five). The final data entry was

called "Lever Radius" and referred to the length of placement of the

shin pad. This figure varied with each subject and was necessary

input for the computer's calculation of torque output.

Following the warm-up, the subject was allowed a rest period of

90 seconds. With the speed set at 600/sec, the subject was then asked

to perform five maximal repetitions. For testing eccentric knee ex

tensions on the KIN-COM, the subject started with the right knee in a

position of full extension at 0°. One maximal repetition consisted of

resisting the force exerted by the KIN-COM to cause the right leg to

fl ex to 105°. As soon as the ri ght lower 1eg came to the end of the

pre-set range of motion on the KIN-COM at 105°, the subject was asked

to relax and passively allow the machine to return the leg to the 0°

start angle (full extension). This process was repeated until the

subject had completed five maximal repetitions.

At the completion of the five maximal repetitions at 60°/sec,

, the subject was allowed a 90 second rest period. The researcher

then changed the test speed to 1800/sec on the KIN-COM. Following the

90 second rest period, the subject was asked to perform seven sub

maximal and three maximal warm-up repetitions at the new speed. The
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subject was then asked to perform another five maximal repetitions

following the same procedure as the 60°/sec test. Upon completion of

the 60°/sec and 180°/sec tests on the KHt-COM, the pretest was finished

and the subject was dismissed. All procedures followed for the pre

test were also followed for the posttest, with the exception of the

introductory session. It was assumed that all subjects in the experi

mental group had had sufficient exposure to all equipment at this point

in the study. All subjects in the control group were given a brief

review of the testing procedure prior to the posttest, since their

exposure to the testing apparatus had been minimal.

To briefly summarize the testing procedure, both groups were

tested on the KIN-COM. The' testing speeds used were 60°/sec and

180°/sec. Five maximal repetitions were performed at each testing

speed. The range of motion for all tests was held constant at 0°-105°.

Training Procedures

For the purposes of this study, the subjects in the eccentric

experimental group trained only their right legs, three times a week,

over a period of seven weeks. Due to the nature of the university

schedule, a one-week break occurred between the third and fourth weeks

of training. The subjects did not engage in their usual training

regimen during this time. Training was resumed following this break

. for a period of four consecutive weeks, so actual training consisted

of seven weeks of three sessions per week for all subjects (21 train

ing sessions for all subjects).
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At the beginning of each training session, the subject was put

into the proper ali gnment with the dynamometer and secured into a

stabil i zed posit i on by the researcher. The subject was then asked to

perform a set of 10 submaximal repetitions with the speed set at

60°/sec. Following a 90 second rest period, the subject was asked to

perform 10 maximal repetitions in the same manner as was performed

during the pretest. The subject was allowed another 90 second rest

and then performed another 10 maximal repetitions. This process was

repeated until three sets of 10 repetitions were completed. At the

completion of the third set, the subject was dismissed.

To briefly sunmarize the training procedures, all subjects in the

experimental group trained their right knee extensors, three times a

week, for a seven week peri od on Mondays, Wednesdays, and Fri days.

All subjects performed one set of 10 submaximal repetitions and three

sets of 10 maximal repetitions with a 90 second rest interval between

each set on the KIN-COM. The velocity of movement was held constant

at 600/sec during the training phase of the study. The range of

motion for all training was held constant at 0°-105°. The researcher

was present at all times to assist with positioning, performance, and

to encourage subjects to exert maximally.

Description of Data Output

As mentioned previously, the KIN-COM possesses the ability to

generate isokinetic data relative to nuaerous measures of muscular

performance. For use in this study, only three parameters were
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cons i dered: 1) peak torque; 2) tota1 work; and 3) peak torque/body

weight ratio. On the KIN-COM, only two parameters were generated auto

mati ca 11y by the computer: 1) peak torque and 2) total work. The peak

torque/body weight ratio was calculated by the investigator. The com

putation of these parameters were performed only during the pretest and

posttest sessions. The data-generating aspects of the KIN-COM were not

utilized during any of the training sessions.

The printer was also engaged during the testing phases of this

study. It provided a graphic display of the torque curve for each

repetition performed, as well as the torque values for every 10° incre

ment in the range of motion (Appendix B). The reasons for using the

graphic display on the KIN-COM, in addition to other computer output,

were threefold. Firstly, the graphic data was used as a means to

cross reference the computer data to ensure its accuracy. Secondly,

it was necessary to be able to see the shape of the torque curve to

determine whether or not it was normal. Lastly, contraindications for

participation in the study would be determined through viewing the

graphi c di sp 1ay output.

Statistical Treatment of Data

Means and standard devi at ions were used to descri be the data for

the contro1 and experimental groups. A t-test for independent samp1es

was used to compare the mean test session differences for the experi

mental and control groups. For each strength parameter and velocity,

the pre- and posttests were compared for the contr~1 group vi a a



paired t-test to assess whether a significant learning effect had

occurred relative to the testing device. The .05 level was selected

as the critical acceptance/rejection level.
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CHAPTER IV

RESULTS AND 01SCUSSION

The purpose of this study was to assess the isokinetic strength

changes derived from training eccentrically at a slow velocity over

a period of seven weeks. The raw data consisted of pre-training and

post-training test scores of peak torque, total work, and the ratio

of peak torque/body weight for each of the 31 subjects involved in

this study. There were 20 subjects in the eccentrically-trained ex

perimental group and 11 subjects in the contro l group. In order to

determine if there were any statistically significant differences

between the two groups after seven weeks for each of the three vari

ables, a t-test of the difference between mean differences for inde-

pendent samples of equal variance was applied. The level of signifi

cance for rejection of the null hypothesis was set at 0.05. A paired

t-test was computed for the control group to assess whether a signifi

cant learning effect had occurred relative to the testing device.

This chapter includes a description of the subjects; peak torque data;

tota1 work data; peak torque/body weight data; per cent changes for

peak torque and total work; and a discussion of the results.

The subjects involved in this study were 27 females and 4 males

between the ages of 18 and 26. The mean age was 20.8 years. The

33 i
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subjects were students at the University of Wisconsin-La Crosse. All

subjects were healthy and involved in a variety of competitive or

recreational activities with the exception of strength tratntnq, The

subjects I 1ifestyle and age range compared favorably with popul ations

used in other strength studies (Carr, 1981; Gettman, 1979; Walmsley

and Swain, 1976).

Peak Torque Data

Peak torque has been defined for this study as the single highest

point on the graphically produced torque curve that is elicited by

each maximal muscular contraction (see Appendix B). This parameter

has been chosen by the researcher to be a representative measure of

strength in the subjects that participated in this study, as it is

the most commonly used and most frequently reported parameter in iso

kinetic research (Davies, 1984).

The peak torque values, means and standard deviations of the ex

perimental and control groups at 60o/sec are reported in Tables 1 and

2. The peak torque values at 180o/sec, means and standard deviations

of the experimental and control group are reported in Tables 3 and 4.

All data is reported in Newton-meters (Nm).

Even though the raw data reveals a s1i ght increase in peak torque

values for the control group from pre- to posttest for both velocities,

a paired t-test for these parameters revealed that the differences

were not statistically significant (p> 0.05) _ The one-tailed prob

ability values for the control group at 60o/sec and 180o/sec were

i
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Table 1. Raw data, means and standard deviations of
the experimental group for peak torque (60° /sec )

Subject Pretest (Nm) Posttest (Nm)

D no
2~ ~5

259 U8

227 331

123 61

1~ 239

1~ 2%

~5 ~4

134 ~4

10 216 2~

11 1ro ~8

12 152 H6

13 215 291

14 1~ 279

15 255 ~o

16 1~ 267

17 274 U4

18 U8 375

19 ~ 257

20 215 ~7

X ± SO 195.25 Nm ± 62.05 280.90 Nm ± 62.72
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Table 2. Raw data. means and standard dey; at ions
of the control group for peak torque (60° /sec)

Subject Pretest (Nm) Posttest (Nm)

319 277

212 175

154 179

160 185

211 202

203 271

262 318

143 179

116 159

10 236 195

11 245 229

X ± SO 205.55 Nm ± 69.40 215.36 Nm ± 51.56

I
.~-
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Table 3. Raw data, means and standard deviations of the
experimental group for peak torque (180 o/sec)

Subject Pretest (Nm) Posttest (Nm)

248 307

242 265

279 206

230 304

122 107

148 235

182 260

124 270

135 232

10 232 278

11 157 240

12 195 271

13 237 283

14 193 258

15 230 342

16 204 301

17 253 285

18 297 375

19 47 201

20 213 270

X ± SD 198.40 Nm ± 68.01 264.50 Nm ± 55.64

"



Table 4. Raw data, means and standard deviations of the
contro1 group for peak torque (180 0 /sec )

38

Subject

10

11

x ± SO

Pretest (Nm) Posttest (Nm)

337 331

226 192

131 235

188 204

250 198

157 228

233 240

154 182

112 112

229 230

147 215

205.82 Nm ± 65.06 215.18 Nm ± 52.45

0.22 and 0.26, respectively. Subject 5 in the experimental group had

a decrement in peak torque at 600/sec greater than three standard

deviations from the mean. An interview with the subject revealed no

reasons for the atypical results between tests. Subject 19 in the

experimental group had an increment in peak torque at both velocities

that was greater than three standard deviations from the mean. Upon

interview, the subject had indicated a poor understanding of the use

of the KIN-COM. However, the subject felt that repeated exposure,

through training on the KIN-COM produced a much better understanding
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and, therefore, the exceedingly large increment revealed by the sub

ject I s posttest score.

In order to determine if there was any statistically significant

difference between the two groups after seven weeks, a t-test for

independent samples of equal variance was computed. The level of

significance was set at 0.05. The one-tailed probability values

obtained for 600/sec and 1800/sec indicated that there was a signifi

cant difference between the two groups at both velocities (600/sec

and 1800/sec). As a result of the t-test, the null hypothesis was

rejected. A seven-week eccentric isokinetic training program at

600/sec causes a significant increase in the peak torque of the knee

extensors when tested at both 60°/sec and 180°Isec .

Tota 1 Work Data

Total work has been defined in this study as the amount of torque

generated for all five repetitions completed in each test. All work

accomplished under the entire torque curve for all five repetitions is

taken into cons iderat ion in thi s parameter. Figure 3 is an ill ustra

tion of the difference between peak torque and total work. This fig

ure shows that it is possible for the subject to manifest a greater

peak torque while performing less total work than another subject who

may exhibit a lesser peak torque but a greater amount of work (see

AppendixC) •
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Figure 3

Peak Torque vs , Total Work

100

80

Greater Peak Torque

100

80

Greater Tota 1 Work

20 /1 20

o / ~ 0

represents Peak Torque

1- represents Total Work

The total work values, means and standard deviations of the ex-

perimental and control groups at 60o/sec are reported in Tables 5 and

6. The total work values, means and standard deviations of the experi-

mental and control groups at 180o/sec are reported in Tables 7 and 8.

All data is reported in joules (J).

A paired t-test for matched samples was computed for the control

group to ensure that a learning effect had not caused a significant

increment in total work (p >0.05). The one-tailed probability values

at 600/sec and 1800/sec were 0.11 and 0.16 respectively, both indicat

ing that no significant learning effect had taken pl ace over the seven

week experimental period.

In order to determine if there was a statistically significant

difference between the two groups after seven weeks. at-test

i
I
r-
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Table 5. Raw data, means and standard deviations of the
experimental group for total work (600/sec)

SUbject Pretest (J) Posttest (J)

1428 1577

1017 1603

1128 1112

380 333

557 1145

867 1350

923 933

690 1021

1043 1516

10 826 1328

11 746 1355

12 789 1418

13 1297 1770

14 836 1368

15 1278 1358

16 18 1264

17 914 1220

X ± SO 866.88 J ± 344.99 1274.76 J ± 321.31

_:.....
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Table 6. Raw data, means and standard deviations of the
contro 1 group for tota1 work (60° /sec)

Subject

10

11

x ± SO

Pretest (J) Posttest (J)

1429 1355

1121 953

749 913

849 993

1032 980

1078 1199

992 1388

786 946

345 626

1181 989

1169 1197

975.55 J ± 286.57 ·1049.00 J ± 219.48

comparing the mean test session differences for the two groups was

conducted. Independent samples with equal variance were assumed. For

th is parameter (total work), a reduced sample of 17 subjects was used

for the 600/sec test and 18 subjects for the 1800/sec test. This

was necessary because three subjects reached the maximal ~ount of

force that the KIN-COM could handle before completing the five-

repetition test. Since the computer did not record all five repeti-

tions, the resulting total work values were not reflective of the
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Table 7. Raw data, means and standard deviations of the
experimental group for total work (180o/sec)

Subject Pretest (J) Posttest (J)

1235 1452

1174 1400

1044 996

537 562

725 1288

978 1284

607 1317

585 1050

1036 1558

10 813 1150

11 986 1157

12 1305 1499

13 862 1421

14 1302 1816

15 899 1402

16 1365 1424

17 1137

18 813 1061

X ± SO 904.17J±337.77 1276.33 J ± 272.54

• j <.
I
lasH
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Table 8. Raw data, means and standard deviations of the
contro1 group for tota1 work (1800

/ sec)

subject's true ability. Therefore, these scores were not considered

in the statistical analysis of this parameter. Using a significance

of 0.05, the hypothesis was tested using the t-test. A signifi

difference was found between the two groups when tested at 600
/

but significance was not achieved between the groups when tested

A seven-week eccentric, isokinetic training program at

causes a significant increment in the total work of the knee

when tested at 600/sec but not when tested at 1800 /sec.

Subject

10

11

X ± SO

Pretest (J) Posttest (J)

1716 1622

1166 1061

735 1288

972 1097

1150 865

928 1056

1057 1267

783 944

334 247

1165 976

1211 1039

1019.73 J ± 346.45 1042.00 J ± 335.92
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Peak Torgue/Body Weight Data

45

The peak torque/body weight ratio is calculated in an attempt to

equate subjects of varying body weights. A larger subject will usu

ally be capable of eliciting a higher peak torque value than a smaller

subject. Bytaking body weight into account, a more accurate descrip-

tion of the subject's ability can be made. The evaluation of peak

torque to total body weight rather than lean body weight is used be

cause an individual functions using his total body weight and not just

lean body weight (Davies, 1984).

The peak torque/body weight values, means and standard deviations

of the experimental and control groups at 60o/sec are presented in

Tables 9 and 10. The peak torque/body weight values, means and stand

ard deviations for both groups at 180o/sec are presented in Tables 11

and 12. A11 data is reported in percentages (%).

Even though the raw data for the control group suggests a s1i ght

increase in peak torque values for the control group from pre- to post

test for both velocities, a paired t-test for these parameters revealed

that the differences were not significantly different (p > 0.05). There

fore, it was concluded that learning had no effect on the scores of the

contro1 group from pre- to posttest. As has been cons i stent throughout

all the previous experimental group results, Subject 19 had an incre

ment in peak torque/body weight that was greater than three standard

deviations from the mean. These exceptional scores are also indicative

of the subject's misunderstanding of the optimal performance of an

eccentri c contract; on of the knee extensors on the KIN-COM duri ng the

.!_-----_.-



%

Table 9. Raw data, means and standard deviations of the
experimenta1 group for peak torque/body wei ght (60° /sec)

Subject Pretest (%) Posttest (%)

152 169

120 174

1~ 1~

105 151

83 41

~ 126

91 175

135 1~

87 152

10 110 151

11 1~ 1M

12 102 193

13 95 1«

14 ~ 165

15 1~ 214

16 1~ 1~

17 132 131

18 117 1M

19 ~ 177

20 110 159

X ± SO 107.85 % ± 29.45 158.85 % ± 35.21
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Table 10. Raw data, means and standard deviations of the
contro1 group for peak torque/body weight (60° /sec)

Subject

10

11

X ± SO

Pretest (%) Posttest (%)

154 133

125 102

96 110

76 89

101 100

104 141

130 162

79 96

58 79

140 112

129 121

108.36 % ± 29.88 113.18 % ± 24.43

pretest. Through practice during the seven-week experimental period,

this subject was apparently able to perform in a more optimal manner,

as revealed by the posttest scores at both velocities.

In order to determine if there was a statistically significant

difference between the two groups, a t-test comparing the mean test

session differences for the two groups was conducted. Independent

samples with equal variance were assumed. The significance level was

set at 0.05. A significant difference was found between the mean
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Table 11. Raw data, means and standard deviations of the
experimenta1 group for peak torque/body weight (180° /sec)

Subject Pretest (%) Posttest (%)

123 157

141 151

159 118

106 139

82 72

78 124

108 154

82 178

88 150

10 119 149

11 94 147

12 131 183

13 105 140

14 114 153

15 146 210

16 121 178

17 122 141

18 130 164

19 32 128

20 109 140

X ± SO 109.50 % ± 28.55 149.30 % ± 27.96

"
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Table 12. Raw data, means and standard deviations of the
contro1 group for peak torque/body weight (180° /sec)

Subject

10

11

x ± SO

Pretest (%) Posttest (%)

162 159

133 112

82 144

91 98

120 98

80 118

116 123

85 07

56 56

135 131

130 113

108.18 % ± 31.53 113.55 % ± 27.35

difference of the two groups when tested at both 600/sec and 1800/sec.

As a result of the t-test, the null hypothesis was rejected. A seven

week eccentric, isokinetic training program at 600/sec does cause a

significant increment in peak torque/body weight when tested at both

60°/sec and 180°/sec.
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Per Cent Changes in Peak Torque and Total Work

Changes that occur as a result of strength training have commonly

been reported in the 1iterature and expressed as percentage of change

over a given time period (Moffroid et al., 1969; Osternig et al.,

1977; Perrine & Edgerton, 1978; Thistle et al., 1967). These changes

reported in the i soki netic 1iterature are most frequently associ ated

with the measurement of peak torque. The percentage increase reported

in this study was calculated as the increase in Newton-meters in

relation to the posttest score. Tables 13 and 14 present the per

centage increase values and group means for the experimental group at

60°/sec and 180°/sec with respect to peak torque. Tables 15 and 16

present the percentage increase values and group means of the experi

menta1 group at 60°/sec and 180°/sec for the total work parameter.

A11 data is reported in percentages.

The mean percentage increase of the experimental group at 60°/sec

for peak torque was 28.40%. Subjects 5 and 17 lost peak torque over

the seven-week training period. Subject five decreased by 50%, which

appeared to be an excessive decrease. A thorough questioning of each

subject concerning changes in daily activities revealed no explana

tion for the atypical loss in strength. Subject 19 had an unusually

large percentage increase in peak torque (81%). This was the same

subject who exhibited unusual increases in all other parameters due to

a misunderstanding of proper execution of the exercise. This pattern

was seen ina11 parameters and wi11 not be further noted in the text.



Tab1e 13. Percentage increase values and group mean for the
experimenta1 group at 60° /sec (peak torque)

51

Subject

10

11

12

13

14

15

16

17

18

19

20

"

% Increase

32

31

-50

46

48

30

43

23

45

47

26

41

27

33

-3

29

81 i

30

!J28.40 %
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Table 14. Percentage increase values and group mean for the
experimenta1 group at 1800/sec (peak torque)

Subject % Increase

19

-26

24

-12

37

30

54

42

10 17

11 35

12 28

13 16

14 25

15 33

16 32

17 11

18 21

19 77

20 21

24.65 %



Table 15. Percentage increase values and group mean for the
experimental group at 60° /sec (total work)

53

Subject

10

11

12

13

14

15

16

17

% Increase

37

-1

-12

51

36

32

31

38

45

44

27

39

99

25

29.82 %

j

I"~"~'-



Table 16. Percentage increase values and group mean for the
experimental group at 180o/sec (total work)

54

Subject

10

11

12

14

15

16

17

18

% Increase

15

16

-5

44

24

54

44

34

29

15

13

28

36

99

23

28.67 %
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The mean percentage increase in peak torque at 180°/sec for the

experimental group was 24.65%. Subjects 3 and 5 both lost strength

over the seven-week exper tmental period. Upon interviewing these

subjects, no valid explanation could be found to explain the unusual

results.

The experimental group showed a mean percentage increase in total

work of 29.82% when tested at 600/sec. Subjects 3 and 4 both experi

enced a loss of total work accomplished over the seven-week training

peri od, When questioned concern i ng these unexpected resul ts, no val i d

exp1anat i on was found.

When tested at 180°/sec, the experimental group showed a mean

percentage increase of 28.67% in total work. Subject 3 experienced

a slight decrease in this parameter over the seven-week experimental

period, which has been a consistent pattern for this subject for all

parameters tested. Once again, no valid explanation could be found

for the unusual response to the training program.

The primary purpose of this study was to determine if a seven

week eccentric, isokinetic training program had a significant effect

on peak torque, total work, and the peak torque/body weight ratio.

The statistical data indicated that the experimental group did differ

significantly from the control group on every parameter, except when

tested at 1800/sec for total work (p< 0.05). A secondary purpose of

thi s study was to descri be the resultant changes derived from the
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training program. The following discussion will examine the signifi

cance of the resu 1ts as well as the factors which may have had an

influence on them.

Ever since the pi oneeri ng work of Delorme (1945), numerous

studies have documented strength gains resulting from training pro

grams that subscribe to the overload principle of progressive resis

tive exercise. This has become an inmutable fact in the science of

exercise physiology. Isometric, isotonic, and isokinetic exercises

have been used to increase muscle strength. "The majority of research

in exercise physiology has been conducted with experiments using con

centric muscle contractions, a smaller portion with isometric con

traction, and an extremely small portion with isokinetic contraction."

(Knuttgen, Bonde-Petersen, et a1., 1971, p, 4). Wi th the incept ion

or invention of each new method for strength development, it has been

necessary to document the subsequent changes. An example of this was

the fairly recent introduction of isokinetics as a form of exercise.

The original work of Hislop and Perrine (1967) developed the concept

of isokinetics which was followed by the publication of over 500

articles and abstracts concerning this new concept. However, even

among the small portion of conducted studies on eccentric exercise,

none of the publications reviewed have documented eccentric strength

changes using isokinetic equipment. Even though an appreciable in

crement in strength would be expected as a result of an eccentric

training program using isokinetic equipment. it is extremely important

that the results be reported in the 1iterature for the purpose of

J ___



57

validity, reliability, and comparison. The Cybex II isokinetic dyna

mometry system has become estab1i shed, through repeated documentat i on

in the literature, as a valid and reliable assessment tool (Hart et al.,

1981; Hislop & Perrine, 1967; Johnson & Siegel, 1978). The results of

the present study will hopefully serve as an initial effort to establish

the use of the KIN-COM for both research and exercise purposes, and to

make a contribution to the available research on eccentric exercise.

The continued study of eccentric exercise, since the early 1950's,

as a potentially superior mode of strength development, has been fueled

by repeated observations that high muscle tensions can be developed

with fairly small responses in circulation and ventilation (Knuttgen,

Bonde-Petersen, et al., 1971; Knuttgen & Klausen, 1971). These obser

vations, in conjunction with the reports that eccentric work is respon

sible for the residual muscular soreness experienced following intensive

exercise (Komi & Viitasalo, 1977; Talag, 1973), have been the basis for

the speculation that eccentric muscular contraction contributes more to

strength gain than concentric muscular contraction. Several studies

have reported strength gains in terms of percentage change observed

over experimental periods of varying lengths. These changes were con

centric and ranged from 10-59~ (Grimby et al., 1980; Carr et al., 1981;

Grimby, 1982; Knapik, 1980; Porterfield, 1980; Wallace, 1980). However,

in isolating only the isokinetic studies, the percentage strength gain

(reported as peak torque) averaged between 20 and 30~ (Grimby et at .;

1980; Grimby, 1982; Knapik, 1980; Porterfield, 1980; Wallace, 1980).

These fi ndi ngs are in agreement with the resu1ts of the present
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investigation. The percentage increases observed were 28.40% and 24.65%

for peak torque at 600 /sec and 1800 /sec respectively. Since these

percentages fall within a simil ar range to concentric isokinetic stud-

i es of s imil ar durat i on, it cou1d be conc1uded that eccentri c i sok i ne

tic training does not produce a noticeably larger percentage increase

in strength. Based on the results of this study, it can be said that

eccentric isokinetic training compares favorably with concentric i so

kinetic training, in terms of percentage strength gain.

It has been documented in the 1iterature that, for measurements of

peak torque, a physiological overflow exists from one speed to another

(Caiozzo, 1980; Parker, 1982; Knapik, 1980). For example, it has been

demonstrated that training at one speed resulted in an increase of peak

torque above and below the training speeds of approximately 600/sec

(CaiOzzo, 1980). The results of this investigation indicated that this

was evident when training at GOo/sec and testing at 1800/sec. Although

the raw data from Tables 1 and 3 indicate that the peak torque in

crement was slightly less for the 1800/sec test, when the statistical

tool was applied, the increment was found to be statistically signifi

cant (p < 0.05). This implies that training at slow speeds does have a

positive effect on peak torque values when measured at faster speeds.

This same pattern did not apply to the total work parameter. The re

sults of this study indicated that the physiological overflow from

training at GOo/sec was not simultaneously seen when tested at 1800
/

sec. No literature was found to either support or refute this finding.

When peak torque was corrected for body weight, the finding was in
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conjunction with that for peak torque alone. There was a significant

physiological overflow for the experimental group when tested at

1800 /sec.

The seven-week training period was chosen instead of the more com

mon six-week training period, due to the occurrence of a scheduled

vacation break following the third week of training. The break was one

week in duration. It was assumed by the researcher that a detraining

effect might occur as a result of taking a one-week break from training.

In an attempt to compensate for this effect, an extra week of training

was added to the originally scheduled six-week experimental period.

A six-week training period is often used in isokinetic research be

cause this is the time period many orthopaedic surgeons wi11 give a

patient for clinical treatment and rehabilitation. When the subjects

involved in this study returned from the break and resumed training,

the majority of these individuals verbally reported peak torque incre

ments of between 100-200 Newtons above their pre-break scores. The

subjects were able to do this through viewing the force output as it

appeared on the screen concurrent with their performance. Even though

this was not documented evidence, it may imply that a type of super

compensation had taken place during the break from training. This

phenomenon is often seen in athletes involved in heavy resistance

strength training. Since the eccentric loading of a muscle results in

higher tension levels within that muscle, as discussed previously,

it is possible that the intensity of this type of contraction could

cause a supercompensation to take place. As a matter of fact, many
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subjects complained of not being able to perform as well on Fridays

(the third day of training) due to excessive leg fatigue. A few sub

jects experienced minor strains which mayhave been due to overtraining.

Training three times a week at 60°/sec in an eccentric, isokinetic mode

may be too intense for some people. Perhaps the recovery time between

sessions was not sufficient for promoting optimal performance. Further

investigation seems warranted.



CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The purpose of this study was to determine if a seven-week eccen

tric, isokinetic training program produced a significant increase in

the peak torque, tota1 work and peak torque/body weight rat i 0 of the

knee extensors. Thirty-one subjects, 20 in the experimental group and

11 in the control group, were tested for peak torque, total work, and

peak torque/body weight on the KIN-COM at 60°/sec and 180°/sec. The

experimental group performed three sets of 10 repetitions of eccentric

knee extensions against a 600/sec resistance provided by the KIN:-COM.

These exercises were performed on the right leg three times a week for

seven weeks. A one-week vacation break occurred between the third and

fourth week of training. By measuring peak torque, total work, and

peak torque/body weight for eccentri c knee extens i on, stat i st i ca1

analysis was performed to determine if there was a significant differ

ence between the two groups for the three parameters tested. The

significance level was set at p = 0.05.

On the basis of the data obtained from this study, the following

conclusions were drawn:

61
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1. A seven-week eccentric isokinetic training program at 60°/sec

produces a significant increase in peak torque when tested at 600/sec

and 180°/sec.

2. A seven-week eccentri c i soki neti c training program at 60°/sec

produces a significant increase in total work when tested at 60°/sec

but not when tested at 180°/sec.

3. A seven-week eccentric isokinetic training program at 600/sec

produces a significant increase in peak torque/body weight when tested

at 600/sec and 180rsec.

Reconmendations

The following recormtendations are made for future studies:

1. It is recommended that a simi 1ar study be conducted with the

addition of another experimental group that trains by performing

concentric knee extensions on the KIN-COM.

2. It is recommended that a study be conducted to compare an

experimental group that trains slow-speed eccentric knee extensions

twice a week with an experimental group that trains slow-speed

eccentri c knee extens ions three times a week.

3. It is recommended that a similar study be conducted using

different set and repetition protocols.

4. It is recommended that a similar study be conducted using

el ite, weight-trained athletes.

5. It is recommended that a study be conducted to assess the

transfer of eccentric isokinetic training to improvement in performance

of various sport skills.
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l""ORMEDCONSENTFORH

UntversftyofWisconsin-LaCrosse
1.1Crosse. Wisconsin 54601

Project Tttle: TheEffectsofaSeven-Weeklsokinet1cTrainlngProgrllll

on Eccentric Strength Oeve1ollll!!nt

PrillCi,.l IlIvestigator:,_.::.:Di~ni~Mc:::::C.:.:.ur.:..try _

1. Tllesulljectwill be required to perfb ... 5.axiul concentric knee extensions
CIIltJleCybexIlat600'sec,1SO-,sec,and300-,secforboththepre-and
posttests. Thesubjectwillalsoberequiredtoperfol'll5lRuimaleccentr;c
klleeutensionson theKIN-COMat60-,sec and lSO-,secforboththepre-and
posttests. Duringthe6-weektrainingperiod.thesubjectwill perform 3 sets
.f10repetitions at 180-'sec on either theCybex IlorKIN-COM. three times
weltl)".

2. The risk and disc_ort to the subject should be .1nillll. The subject ... y
feelconsiderablellUscularfatigueuponc~letionofas;n9letraining'
sessiClll. but should not expect to experience any.scullr or joint pain.

3. TIll SlIbject ... y notice a slight increase in strength as a result of the
trltntngperiod.

4. lfthereareanyquestions concerning Iny aspect of thfs research project.
p14ue feil free to ask me or call lie at hoM. .

1. I. ' being of sound .ind and ,years of
•• ilOilirebyconsent to, authorlZe and request thepersoniiiiiid'above (and
berco-workers) to undertake and perf ol'llon III the proPQsed procedure, treat 
...t. nselrch or investigation (herein called "Procedure").

2. IJaaftreadtheabovedoc~nt.andlhavebeenfullyadvisedofthenature
oftheProcedureandthepossiblerisksandc~licationsinvolvedlnlt.
all of wllich risks and cOlllPlications 1 hereby assUllt voluntarily.

3. I lleretIy acknowledge that no representations, warranties, guarantees or
asurlnces of any kind pertaining to the Procedure have been ... de to III by
tile University of Wisconsin-La Crosse, the officers. adllinistration, em
pJo)'ftS or anyone acting on behalf of any of thelll.

4. I llllderstand that [NY withdraw frOll the prag". at anytflle.

Signed at th15 _

U1 ", , 1985, til the presence of the wftnesses

.sesignaturesappearbelowoppoSftellysignature.

IlITlESSEDBY:

(SlIOject)
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Researcher D. McCurrv
TEST*~ DATE.--U.1.1.il!L

TIMEI~

CON

2121121

=_:::~:OM"ENSATED YES I

OINT TESTED. L R --......Kn....e....e _
PASSIVE

'-l
o

-::N·C:NtR~~~~:QfJ.J.e. 4

1

-2:B.:a -:a9.J. -54.5

-1..6 -1.2.9 -25.2

J.E>S.9

9121 ~J.2121.S

-&01 2.6 ,-a.a 1-"'"-70

-4.'7 -H.a -'''.a I-6121 -7.7 -1.2.3 -1.4.5

-50 -5. e -1.121.1. . -1.3.9

-'2''71
121.121 I 12I.:EI I -4.::3

9.7

1.7.9

Isokinetic test of quadriceps
extensors - Passi ve Mode - 60° /sec
Pretes t - Eccentri c contract ion.
Max Peak Torque = 268.0 NM at
70° in ROM (Eccentr tc )

265
6121

1.2121121
121

1.75
121

ECCENTRIC PHASE

Min. Peak Torque Curve

Avg. Peak Torque Curve

Max. Peak Torque Curve

Occurrence in ROM (degrees)

DISK F'ILE F'. D/SEYERR. A6121

MOTION.~

RETURN ANGLE
POSITIVE VELOCITY
MAXIMUM F'ORCE
STOP DURATION
GRAVITY ANGLE
GRAVI TY F'ORCE

:z
-412101- ~

-21210

1.61.
1.

-E>12I
5

31.0
1.75

CONCENTRIC PHASE

XERCISE MODE

XERCISE PARAMETERS
TART ANGLE
UMSER OF' STOPS
EGATIVE VELOCITY
EPETITIONS
EVER RADIUS
EF'ERENCE ANGLE

'-Y
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"aN/COM Work Report

EXERCISE MODE

START ANGLE
NUMBER OF STOPS
NEGATIVE VELOCITY
REPETITIONS
LEVER RI-,jJ' US
REFERl::NCE ANGLE

PASSIVE

161
1

-60
5

310
175

Disk File

RETURN ANGLE
POSITIVE VELOCITY
MAXIMUM FORCE
STOP DURAT I ON
GRAV I TV ANGLE
GRAV I TV FORCE

F: D/BEVERR. A60

265
60

1200
o

175
o

Gravi ty Compensated YES

Range of Motion == 104 degrees

Concentric Work" 84.502 joules
Eccentric Work == -1303 559 jgules"

Net Work =- -1219.057 joules

Absolute Wode == 1388.061 joules

Work in Positive direction == -1275.882 joules
Work in Negative direction III 56.824 Joules

1·/ ~

~

~ ~,:




