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Abstract . | -%@
In order to ascertain tie effecte of vatfable and
semi-accommodating res stance exefcise on muscular strength,
forty sedentary women, ranging from ejghteen-to thirty years
of age,-were,rapdomly assigned to exercise on the Nautiies
variable resistance machine or on the Hydra-Gym
semi-accommodating reglstqnce machine and to a control
group The quadriceps and hamstr1ngé were exerc1sed three
days a week for a perxod of six weeks, and were tested
| before and aftér the 51x week perlod on peak muscle torque <
'by means of .a Cybex I1I 1sok1net1c dynamometer Measurements
- . of peak torque were obtalned at a veloc1ty of 0. 524 r/s f
‘(30 deg/s). ‘Analysis of covariance was applied to the data
obtained on peak torque measures. Results indicated that
both the Hydra-Gym and Nautilus training groups \
s1gﬁ1f1cantly (p<.001) 1ncreased peak muscle torque. No

‘s;gnlflcant differences were observed when comparlng the

Hydta Gym tradnimg gXoup to the Nautilus training-group in

. 3 .
eak muscle t rque in ‘he quadriceps: However, the results
aytilus machine was

) to,the group training on the

hamstring muscle group.
_ C , -
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CHAPTER 1 ‘ .

STATEMENT OF THE PROBLEM - ~ !

~Introduction
¥,

Resietancevexercise has beeén widely‘accepted ae a
tfqining modality for the development and maintenan;e of
strength. Resistance exercise is categorized as congient‘
resistance,.accommodating resistance, end variable .
reeistance (41). Isotonic exercise (constant resistance)
involves muscular contractions against a device which,

provides a iéad remaining at a fixed level (13, 40, 48, 51).
Because of the muscle length/joinfvengle reletionship,

nelther the force of contractlon .nor the re51stance prov1ded

- i

by the load is max‘imum throughout the full ‘range of motion.
This relationship l1m1ts the‘muscle's'ability to produte
.maximum torque (durlng 1soton1c exerc1se) only at the
weakest point ‘in.the range Of motfon (9, 12, 13, 48).

:v‘;';ﬂ A;commodatlng re51stancegattempts to overcome the.

B l1m1tat1ons of 1soton1c ‘exercise. One type of accommodat1ng-gf
‘re51stance tra1n1ng 1s 1sok1net1c exerc1se. Isok1net1c ‘
exerc1se develops near max1ma1 loads on e nuscle at a

.,consLant angular veloc1ty throughouﬂ the full range of
‘motlon at a mechanlcallx flxed rate of veloc1ty (1“”xf75,:'

'v_'910, 13 23 42 50 52) Isokinet1c ekercxse 1s performed byi'x

e S g T N

A T
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means of lan isokinetic device which involves concentric
(miometric) muscle contractions (23, 34, 52). The load
against w h a muscle or muscle group contracts,

purportedly offers resistance directly proportional to the

+

muscles dynamic tension developing capac1ty (1 8, 24, 39,
400

Since the development of isokinetic exercise, new and
adsanced forms of resistance exercise systems have been

designed. Omnikinetics is one of the most recent advances in

resistance exercise systems, and was introduced in the
i

mid-seventies by the manufacturers of Hydra-Gym equipment.
Omnikinetics is referred.to . as semi-accommodating fesistaqce
training which emphasizes reciprocal concentric muscle work
thfoughouf.the full range of motion (27). The pr1nc1ple of
omn1k1net1c reSIStance is based upon the patented
Hydra-FLtnesswhydraullc cyllnder (14). The hydraulic

-

cyllnder prQV1des self- accommodatlng, varlable resistance,

at theﬂvelbc1ty the user 1s cap

3

is made'p0591ble by the use’of djustable valve settings on

the hydraulic’ cyllnder. The Serles III machlne (which was

..
b

valve settings og "1. through 6".’A.Yalve setx}ng-of'"s or .6",

®
[

is used to train for étgength (14). .
S . Voo _ : L .
Omnikinetic exercise is similar to isokinetic exercise

(\

in that it 1nvolves concentrlc ggiometr1c) muscle 5 L

vcontract1on, UtlllZlng both agonlst and antagonlst muscles

»

‘ durlng the same exerc1se set: . However, omn1k1net1c exerc1se

le of generating. (14). This

A'used in- ;he present study)«features_hydraullc cylanders wéth

»
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machines allows for minimal variability .in velocity of
movement, whereas true isokinetic exercise machines involves
constant velocities. *

In 1970, the Nautilus Sports/Medical Industfies
. marketed their’first variable resistance exercise
machine (7). The Nautilus equipment was designed in an
attempt to overcome the limitation§ of constant resistance
exercise, more specifically, the barbell. The Nautilus
equipment purports to provide resis%ance correlated to the
meéhadical efficiency of the joi ugoughout the full range
of motion (7). This is a‘%omplished by the use of the
patented Nautilus cam (7). The Nautilus cam is designed to
Eompensaté for the variations in force as movement occurs by
chénging tpe length of the moment arm. Although the load
that is lifted during the exeréise rémains constan;, the
effective resistanée will be increased or decreased (28, 35,
41).-Simply! wﬂenvthe limb is in a position where the
»musclgs can exerﬁ‘maximal fofce, the radius of thé cam will
be large. As the limb moves into a position where the
available strength declines, the radius 6f-the cam will-
become smallerf thus decreasing the tesistance”in ptoportiéA
to the deéliping strength (35). However, because of
n'Qariagiqns in ;imb lehgth, and the muscle ;eﬁgth/joint angle
'rélagiéhshipﬂnfrom individdal to-indiyidual, the gseatest -
resistaﬁce may not be whe?e thé,muscig_dan exert its'

gfeatest force.



A re&iew of the liferature reveals that resistance
“exercise m%chlnes are used as tralnxng modalltles for the
development of muscular strength. The establishment of
training ptograms using the various types of equipment, for
the development of muscular strength, should be benef1c1a1

if the 1nstruct10ns for completing the exerc1se§fare

followed. ’
]

The Problem

The purpose of this study was to compare tﬂ% Nautilus
leg flexion and feg extension variable resistence machines,
with the Hydra-Gym unilateral quadricep/héﬁstring
omnikinetic machine, in their ability to affect changes in
peak‘muscle torque, as measured by the Cybex II isokinetic
dynamdmeter, at en angular velocity of 0.524 radians per
second (r/s) (30 degrees per second (deg/s)).

‘Secondiy, to compare the effectiveness of fhe Hydra-Gym
and Nautilus training machines usiné the training protocols

recommended 'by the manufacturers of the equipment.

‘Justification for the Study

Research has demonstrated that increases in muscular
strength are possible with the Nautllus exercise machlnes
(4, 19, 41, 43 48). The manufacturers of the Nautilus
equlpment claims that it meets all the re uirements for a

perfect" form of exerc1se. In rev1ew1ng the publlshed

llterature involving the Nautilus exercise equipment, the

) . . } . .
research studies have been few in number an? limited to



adult males. To date, no published}research studies have
been fgund involving female pafticipants, in regards to,
exercising on the Nautilus equipment, for increasing
muscular strength.

A review 6f the recent reséagch‘ﬁnvolving‘Hydra-Fitness
omnikinetic training has béen shown to develop muscular
strength in the guadricep and himstring muscle groups (22,

‘ ¢
26). However;jafter a comprehensive search of the published
literature; most of the Hydra-Fitness studies have been
produced by thé‘ﬁanufacturers themselves or by associated
company researchers. Those research findings may or may not
have been found Becauserf a bias towards the Hydra-Fitness
eguipment.

Since both the Nautilus and Hydra-Fitness exe;cfse
machines have been proven to develop muscular strength,
there is a need for comparative research to determine which

machine will produce more significant strength gains.

N

Hypotheses

| The follbwing hypotheses were tested in this study.

1. Variable reéistance training (Nautilus) and omnikinetic
| training (Hydra-Gym) do not differ in their ability to
'atfect changes in peak muscle fordue.

2. Training with.the Nautilus and Hydra-gym equipment will

produce significant change§'in peak muscle torgue over a

period of six weeks. \



Limitations

1. There was no control over the time of day in which the

2.

subjects exercised or were tested. . -

An attempt was made to equate the Hydra-Gym and Nautilus
training groups'in terms of number - of sets, repetitions,
and worf load.

The éubjects motivation to perform wﬁile exercising or
during testing sessions could not be controlled.
However, verbal encouragement for maxihal performance
was ‘given to each subject by the tester during.the'

training and testing sessions.

Delimitations

1.

‘The study was delimited to sedentary female volunteers, .

with no significant history of lower limb pathology,
rahging between the ages of 18 - 30 years of age.

Subjects were told that they could not participate in
. S

~any athletic activities during the six week experimental

o

training period.

‘The training program was delimited to 3 days/week, for a

period of six weeks (18 training sessions). The subjects

‘were instructed to train"evefy second day. However, when

. this was not possible for them, the only restriction was

that they could not train three days consecutively.

o L



Definition of Terms

i.

2.

r
3.

4.

5.

6. Eccentric (plyometric) contraction - a muscular

Concentric (miometric) contraction - a muscular

Muscular stfength - the force that a muscle or muscle
group can exert against a resistance in a single maximal
voluntary contraction (1, 20).

Torque - the product of a force times its' perpendicular
Aa

distance (to a lever-arm) which is rotating or tends to

rotate about an axis of rotation. Torque is measured in.

-

units of forcé\multiplied by the distance (foot-pounds

b; Newton-metres) (23, 33, 38).
’ ' ¢

Peak torgue - the highest point generated, on the

isokinetic torque curve.

A

S
Isometric contraction - a muscular contraction which
ﬂ .

occurs against a load that prevents external movement

and offers resistance proportional-to the muscle's

tension developing capacity, therefore resulting in no
apparent change in muscle length or in skeletal movement

(13, 21, 40).

4

contraction in which the muscle length decreases.
' . . N

<.

contraction in which the muscle.length increases.

7. . Isokinetic contraction - one in which a'muscle:or group

of muscles contract near maximally at a constant,angulaf
velocity throughout the full range of motion, at a
mechanically fixed rate of velocity (10, 21, 33, 36,

) . .o
52). : A ) .
' A

£



10.

11,

12.

13.

Variable resistance - resistance provided by a device
increases or decreases throughoqt tﬁe range of motion
according to the advantage or'disadvantage of the
biomechanical contractile properties of the muscle, and
with a constant load1  |

Omnikinetics - a form of resistance training which
attempts to accommodate the resistance to the mechanical
advaA;age of the skeletal‘iever arm, at varying speeds
of mbvgment, thfouéhout tﬂe'full range of motion.

. \ . . .
Agonist - those muscles most directly involved in a
&

muscle contraction.

Antagonist - those muscles'which work in opposition to
the agonist muscle. ;
Hypertrophy ,- an adaptive response to strength training

where there is an increase in the size of the muscle

" cell.

- #.
Double positive resistance - the reciprocal action of
the' opposing muscle groups (agonist and antagonist)

during an exercise (27).,



"CHAPTER 2

REVIEW OF LITERATURE

To date, very few comparative studies have been
“published utilizing the Nautilus resigtive equipment and the
hydraulic resistive equipment which were‘psed in this study.
Theréfore, it was necessary to review the.availaple
literature regarding both types of equipment; in order to
develop suitable training programé for thiS sthy.

Isokinetic testing has been widély used. in research,
“clinical settings, and for the testing of athletes, since it
;%s first.reported by Hislop and Perrine in 1967 (13); Since
this time, several different isokinetic testing é;otocoié
have been deveibped and it becomes necessary to review the"
litéfature in the darea of isokinetic testing, in order to
determine an appropriate testlbrotocol for this study.

The review of literaéure will be organized unde; the
following'headings; variable resistance exercise,

-omnikinetics, measuring isokinetic muscle torgue, and,

factors affecting isokinetic testing.:
' ¢

Variable Resistance Exercise

Variable resistance exercise involves concentri¢ and

.....

/

movement occurs, the resistance will theoretically change in

9
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accordance to the mechanical efficiency of the' involved
joint. The variable resistance equipment that was used in
this study is manufactured/by'Nautilus/Sports Medical
Industries. ‘The Nautilus machines are purportedly designed
to provide resistance that automatically varies in
proportion to the ‘changing strength of the muscles, thus
allowing for maximal contraction of the muscles throughout
.the full range of movement (19). However, research involving
the Nautilus leg extension machine has demonstrated tnét,the
resistancehprogressively increases throughout the range 3{
movement, and therefore does not dupllcate the normal force
curve that .is generated by a muscle (49). /
To date, research has shown that training with Nauti}hs
eqnipment will produce changes in muscular strengthi;Pipés
(41) compared variable resistance (VR) and constant
resistance (CR) training procedures in their ability to
affect changes in muscular strength, body composition and
anthropometric measures. Men between 18 - 26 years of age, g
trained'tnree days/week, 45 minutes/day, for a perlod of ten
weeks. Both groups trained at 75% of their one repet1t1on
max kmum for eight repetltlons, for three sets. Results
indicated that both training programs increased strength
_ siénificantly‘(p<.05); However,ythe CR grobp'deﬁenstrated
sxgnlflcant incredses in strength over the VR® group when
strength was assessed by CR procedures. Further, the VR
group showed s1gn1f1cantv1ncreases (p<.05) in strength over

‘the CR group when strength was assessed by VR procedures,



e}

Pipes éuggested tbét strength training is specific to the.
type of movement that is pefformed. 5
Coleman (4) compared th ’Nautilﬁs training machine with
the Universal Gym equipment fo examine changes in muscular
strength, body composition and anthropometric measurements.
College‘égedAmales trained three days/week, 40 minutes/day,
for a period of ten weeks. SUSjectS‘in the Universal Gym
group performed two sets of tén and eight repetitions
respectively, whilé the Nautilus group performed one s;t of
ten to twelve repetitions. The weight was progressively
increased when the Subjects could perform more than the
 maximum number of repetitions stated. Results indicatéggihat
both tra1n1ng programs produced significant incrgases in

muscular strength (p<.05), with no signifjcant difference

/

Bi;ween training programs. Coleman concluded that . both the
n Xsiiﬁi and Nautilus equipment are similarily effective

for increasing muscula:,strength.

¥

¢ Coleman (4]/W\B~P1pes (47) tend to agree that the

Nautilus training equipment is an acceptable tralnlng
modality for affecting changes in muscular streng;h.

| b : ' 2

o ‘Omnikinetics ‘ - _»g R

_ oﬁhxklnetlcé waé 1ntroduced by the manufactanirs ofs ‘
Hydra Gym equ1pment in 1974 (14). Hydra Fitness omn1ﬁynet1c
exercise machlnes prov1de double concentric (p051t1ve)

resistance at any joint angle and at varying §peeQS of the

limb throughout the full range of mOVementv(l4)._The_
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r

Hydra-Gym equipment provides reciprocal resistance through
the use of hydraulic cylinders with adjustable valve
'seftings. "The valves on the machine varies the resistance
to lever arm moVements.by changing the aperture size through-
which hydraulic fluid must flow as the lever arm most;
(27:11-9). The velocity in which the limb is moving against
the resistance is determined by the contractile probertieé
of the user's muscles. Optimal resistance is offergd with
each afpetition prpviding that the lever arm is S;Jed with
maximal effort.

Therresearch, conducted in the area of omnikinetic
training, has shown to préduce increases in muscular
slrength. LaGasse (22) studied the effect of omnikinetic
trainingxﬁh peak torque utilizing the Hydra-Fitness knee
flexion/e;tension machine. Twenty women, between the ages of
21 to 26, p;;ticipated in the study during the fall sémester
of university. For treatment 1, subjects executed knee
extension, and for tfeatmént 2, subjects performed knee "
extension and flexion. Both treatments wére performed with
the hydraulic cylinder set at a resistance setting of 4.
Results showed a significant increase of 11.4% in muscle
torque oufput, and an inc:;ase of 42.9% and 32.1% in
—electromydgraphical (EMG) a;tivity of the vastus latéralis
and vastusimedialis muScle, when knee éextension ﬁas “
preceeded By concentric flexion of the hamstring muscle

group. LaGasse concluded that strength would develop quicker

using reciprocal concentric.muscle work in comparison to
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exercise involving both concentric and eccentric

-

contractions, - in terms of musecle térque output and EMG
~activity.

ﬁee'(25) also reported agsignificant increase in
muscular strength and power using Hydra-Fitness training
equipment. The subjects trained every second day for a total
of‘28 workouts (seven and a half weeks). The hachines.dsed°
featured hydraulic cylinders with settings bf 1 through.6.
The subjects performed three sets usiné 1-5-3 resistance
settings. The work:relief ratio for the first four weeks was’
20 seconds:40 sééonds (1¥2), and for the last four weeks was
30 seconds:50 seconds (1:1.67): @Qscular strength and power
was assessed isokinetically at velocities of 30 deg/s
(0.524 ;/s) and 60 deg/s (1.048 r/s) for strength, and at
180 deg/s (3.14 r/s) for power. Both muscular strength and
power increased at their testing velocities after training
on the Hyara—Fitneés equipment.d

The reséarcb~involving omnikinetic training ié limited
in the area of muscular strength; In reviewing the |
"literature to date however, omnikinetic‘training would seem
to produce changes‘in—mdsdular strength if a prescribed

training program was followed.

Measuring Isokinetic Muscle Torque : -

‘The isokinetic measuring device that was used in this
study is the Cybex II'isokinegig“dynamoheter. The Cybex I1I

.system has been widély used éS:dftééting modality for

\
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research, clinical testing, and for rehabilitation. Many
test protocols have been developed for testing muscular
- strength of the knee flexors end knee extensors using the
Cybex I1I dynamometer. The manufacturers of the Cybex II
eduiphent sugges; that non-athletes should be tested for
strength at a velocity of B0 deg/s (1.048 r/s). Other
researcheré (11, 25, 34, 49) have measured strength at
velocities as low as 0.524 r/s (30 deg/s). It is important
to note that the term strength-is defined differently for
isokinetic testing wﬁeh compared to the physiological
definition, as previously stated. In using the Cybex II
isokinetic dynamometet, "strength is defined as maximum
sldw-speed forque capability" f15:5).

| The Cybex II isokinetic dynamometer consists of a lever
arm which eeﬁ>be edjusted to the length of the limb being
tested. The rdihtional axis of the dyneﬁome;er'should be
aligned with the anatomical axis of the'joint being tested
(32). The lever arm is attached to the limb being tested,
and is moved at a preselected constant velocity. The lever
arm is prevented from Surpassing a preselected constant |
velocity by a.mechaﬁicél electromotor device which
automatfcally adjusts the voltage for variatiqne in torqﬁe-
(52)r Any‘additiohal effort will re§ult’in increased =
resistance rather‘;heﬁ‘an increase‘in acceleration. A pen
recorder is attached 'to the isokinetic: dev1ce and prov1des a

contlnuous curve of the torque produced over the full range

of motion (50) The Cybex manufacturers refers to the pen
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recorder as @ Dual-Channel Strip Chart Recorder. It allows
for the selectiqn of a torque range scale, paper speed,
poeition angle degree scale, position angle calibration, and
damp'settings. : E | N
For knee flexion/extension in non-athletes, the
manufacturers suggest that a torque range scale of
'180 ft-1bs should be used, with the position angle scale eet
at 150 degrees, and the damp set at 2., For tests that' °*
, require only peak torgue measurements, the chart éééed
ashould be set at 5 mm/s.’ The Dual Channel Recorder
5imu1taneously records the generated toréue,and~the ranée of
motion of the mowvement. On one channel, the torque curve
generated by the worhing muscle group is deeorded, as |
transmitted from a strain gauge inside the- dynpmometer (52).
On the serond channel the range of motion is recorded, as
transm1tted from a botentlometer locat®d on the 1nput shaft
of the dynamometer (554 The torque (in foot- pounds) is
1nterpretated from the Dual Channel Recorder readout with a

Cybex II Chart Data Card. Computers can also be linked with

theé Cybex II device in order to aid in data processing. j !

Factors Affecting Isokinetic Testing.

The Cybex II 1sok1net1c dynamometer has been found to
be both relzable and valid- for test measurements of’ torque,

work, and power_(24h-33), Moffroid et al (33) reported a

test-retest reliability of r=0.995 and a reliability of

' r=0.999 for predicted-to obtained torque values for various

- : REEN
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‘levgr arm p051t10ns./Howeven,fstandardlzatlon of test *
/

protocols are necessary in order to compare valid

1nterpretaflohs “of the 1sok1net1c data presently being

publlshed There gre several factors which wzll affect,- the
o

graphlcttorque readeuts when testlng the quadr1ceps and
3
1% hamstr1Q§s 1sok1netxcally These faqt@rs will be dxscussed
gsk under bhe foilow1ng headlngs -stabilization, knee aljgnment,

body p051t10n,:warm‘up, damp, and;gtorgue'overshoot.
2 o .

v‘g@] ’a . - . L . ‘
/
v
¥

® ¢ o - >

_ Stabilization *;' L

i 3 . e S

x50~ ' When” evaluating the qu%driseps and hamstrings on the
. . - ’

<

> “Cybex Ii‘isokinetic%dynamometer; the thigh as well as the
¥ o AN 4

. a

torso must be stabilized in order to obtain precise torgue

values. e . E

johnsonfii7) devised a restraint system that stabilized

’1’ . ks

the h1p and\trunk durlng quadr1Cep/hamstr1ng evaluatlon on

i

" the Cybex 'II.°The restratnt system 1nc1uded a shoulder and a

1ap belt harness. It was used to pr§yent extra movements by
) :
keeprng the’ h1ps down and the trunk statlonary Sub]ects

.

by were\tested at 120 and 240 deg/s (2.10 r/s and 4.20 r/s) for

knee exten51on and flexion exercise. Results indicated that

I3

the quadriceps generated less tordue and the hamstrings

generated more torque when the restralnt system was not

P

"used Johnson concluded that the quadr1c j and hamstrlngs

w1ll be better isolated w1th the use o J restralnt system
Other researchers (2, 11,‘16 24, 34 43, 46) localized

the muscle contractlon str1ctly to the quadrxcep and

hamstrlng muscle groups by stab111z1ng the shoulders, hips,



—

and thighs. This will reduce excess. movements of the body

which may affect the generated torque graph readout.

» .
>

Knee Alignment gﬁﬁfg !

L

In Cybex stﬁdies,vmaintenance of the alignment of the

rotational axis of the dynamameter arm with the axis og
rotation of the kneé joint was extremely important (11, 33,
37)} Changes in alignment will affect the accu%acy of the
Jheasurement of the moment of fprce generated by the
mechanical advantage of‘the‘muscle gron in moving the
r%s;stance arm (§7). Therefore, it is necessary to maintain

" proper knee alignment in order to obtain accurate

measlUrements for the generated torque curve,

Body Position

In fhe seéted testing position for knee flexion and
knee extension, the body must be positioned so that the back
is stabilized against the chair, and so the knee is allowed
to move through full flexion and extension during the ?
exercise. Back pads can be used to allow for differences in
femur length..”

Low speéd isokinetic to£que and isométric force
readings have been found to be similar (335 37). Therefore,
rhe importance of mainthiépg a constant hip angle in
isometric exercise may als§ pertain to .low speed isokinetic
testing.'Currief (6) tested for maximal’%sometric

. . &
contraction of the knee extensor muscles with the hips

positioned at ‘angles of 100, 110, 120, and 130 degrees to

S
L]
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the Horizontal. The results showed that knee extensor force
with the gip.positioned at 110, 120, and 130 degrees was

significqntly greater (p;201) than the force generéted wheﬁ
the hip was positioned at 100 degrees. The findings implied
that. hip position is important in order to take advantage of
the lengthening of the knee extensors which crosses the hip
joint. If the knee extensors are placed in a 1engthenihg

position, it will enable the muscles to exert more force at

-

the knee joint.

In Cybexistudies involving the knee extensor muséles,
the hips were flexed from 120 dégrees to 100 degrees (with
180 degrees being complete hip extension) (8, 31, 34, 37).
In reviewing the literature on body positioning for
isokinetic tgsting, resdlts suggest that hip position may

influence the force exerted during maximal knee extensions. .

I

Warm Up

Maximal and submaximal\COntractiohs'are commonly used

" for warm up in isokinetic testing. The purpose of eliciting
a warm up is to familiarize the subject with the isokinetic
' machine, and to prevent any discomfor# or injury during the
exefcise,period. b

Johnson and Siegel (18) performed a reliability study

of iSokineEic movement of the knee extensor muscles. It was
conducted over three consecutive days at a‘velocity of
180 deg/s (3.14 r/s). Reiiability coefficients for test
"measurements-ranged<from .93 to .99. They concluded that

three submaximal contractions followed by three maximal

>
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contractipns‘need to be performed before stable measures
occur.,

Mawdsley and Knapik (31) examinéd changes in peak
tordue of the knee extensor muscles on the Cybex 11
isokinetic.dynamometer. Sedentary subjects, without
isokinetic testing‘exberience, participated in the study.
The subjects performed one maximal isokinetic contraétion
six times at d.524 r/s (30 deqg/s), and received no warm up
prior to testing. Three sessions of six maximal contracfions
vere performea at two week intervals. Results showed a
significant interaction effect between trials and sessions
(p<.001), indicating that the pattern of the scores within
* the three sessions was signiﬁicantly‘differént. No
significant differences were found in mean peak torque
écroSs trials or sessions. In session 1, significant
differénces were found within trials (p<.05),’and>between
trial 1 and 3 (p<.05). In view of this finding, Mawdsley and
Knapik suggest that if subjects without isokinetic testing
experience afe to be tested in one session only, at least
one ma;imal trial should occur prior éo ﬁesting to ensure
repiicable strehgth measures. ; ’

Mawdsley and Croft (30) studied the effects bf‘fhree
submaximal contractions (30 deg/s (0.524 r/s)) prior to
iéokinetic.tésting of maximal contractions. Physically
active sﬁbﬁects, who were inexperienced in Cybex testing,
kparficipated in the study. Group 1 performed three

submaximal isokinetic contractions immediately prior to

L]
.
- ) . o
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testing; group 2 did not perform submaximal contractions.
Testing consisted of éix trials with a trial consisting of
one maximal isokinetic contraction. Results indicated a
significant interaction tp<.001)‘between trials and groups.
Trial 1 6f\group 1 was also significantly different from
trial 1‘of group 2 {(p<.01). The findings also indicated that
the performance of submaximal contractions prior to
isokinetic testing appeared to prevent discomfort during
testing, however, the three submaximal éontragtions did not
allow for an‘appropriate type of practice to occur to ensure
replicable test trials. Mawdsley and Croft concluded that at
least one maximal cdntraction 1s necessary before
measurements will be stable, and that pre-test submaximal
contractions need to be performed to help prevent discomfort
during isokinetic testing. |

Mawdsley and Croft (29) also studied the effects of
. submaximal con;ractions (30 deg/s (0.524 r/s)) prior to
isokinetic testing, in physically active subjécts who had
prior exper%énce in isokinetic testing. The results
.demonstrated that the pérformance of three submaximal
contractions was adequate tp‘pfevent discbmfort dﬁring‘the
teét‘sessionf There was no significant differencgs-in the
mean peak: torque of maximal isokinetic contractions of the
knee extensor muscles eithe? in the presence or absence of
submaximal'ton;ractions, within each group, .and among
trials, at the .05 level..Mawdsléy and'erft concluded that

submaximal gontiagtions will not influence mean' peak torque,
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when subjects (experienced in isokinetic testing) perform
.
maximal isokinetic contractions.

%t would be plausible to suggest that both maximal and
‘ : — N

\

submaximal contractions are necessary to produce reliable
and valid measures and to prevent discomfort during
isokinetic exercise,lwith subjects who are unfamiliar with

isokinetic testing.

Damp and Torque Overshoot

The damp gettings on the Cybex II recorder ma¥y be a
potential source of error in the graphic torque readout.
Damp settings are used to reduce the energy 6sciilations
(torque overshoot) in the graphically recorded torque
measurements (16). Torgue overshoot appears as an initial
spike in the torgue output curve when the subject reaches
‘the machine's preset velocity (45, 47). The Cybex II strjp
chart has five damp settingé ranging from 0 to 4,-§ith 4
representing the highest damp setting (15). As the damp
setting increases, the magnitude of the generated torgue
curve will decrease and will also be diéblaced to the |
right (47). The manufacturers of the Cybex II gqufpment
suggést that a damp setting of 2 should be used for
-isokinetic knee flexion/extension testing. Coyle et al’
(5:1438) state thaé "a damp setting of 2 will generate a
§mooth reliable torque tracing by averaging torque
SséillatiOnsfwiEhin a period of approkimatel; 50‘m5";

" Sapega et al (45) studied tﬁe nature of torqué |

overshoot in Cybex II isokinetic dynamometry.‘They stated
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that torque overshoot and secondary oscillations that appear

in Cybex torque readouts represent the forces associaﬁed
with\velocity fluctuations of an initially overspeeding
' limb-lever system. They suggest that a damp settiﬁ& of 2 is
'besf for low speed (0.524 r/s (30 deg/é)) testing because it

will reduce the torque curve only to a small extent.

However, damp settings should not be used in high speed

Y
1y Ed

testfng (3.14 r/s (180 deg/s) or greater) because the
A :

overshoot will be spread over a greater portion of the

torque curve, thus reducing the ability of the damping

curcuit to suppress the overshoot selectively.

ATV dowD



CHAPTER 3

METHODS AND PROCEDURES

Subjects

The sample consisted of 47 sedéntary women, with no
significant history 6f lower limb pathology, betweeﬁ 18 and
30 years of age (with a mean age of 22.2 years). Each
participant was fully in}ormed of all risks and stresses
éssgciated-with this project and they were asked to sign a
written consent td participate in the study (Appendix G).
The subjects were also informed that theéy could not .
participate in-any athletic activities during the six week
training‘program.

The subjeéts volunteered to participate in an eight
week training p{pgram,‘howevér, due to subjec; attritioﬁ,
the training program was decreased to six weeks. The
subjects,Were randomly selected into three groups; followed
by random~as§ignment of treatments to groups. in|the initial
program, 16 sﬁhjectsvtrained on the Hydra-Gym omnikinetic
“"machine, 16‘subjects trained on the Nautilus exercise ‘
machine, éndv15 subjects did not perform any exercise, thus
serving as a control group. Hdwever, ddrihé the course of
the tréihing program, seven subjects dropped ouﬁ df the - .

study leaving 13 subjects ih both thé Nautilus and Hydra-Gym

23
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training groups, and 14 subjects in the control group.

Methods and Materials

The qﬁadriceps and hamstrings were exercised using
either the Nautilus or Hydra-Gym resistance training
machines, and were tested for peak muscle torque, before and
after the training program by means of a Cybex II isokinetic
dynaﬁometer. To locaiize fhe contraction to the proper
muscle group in the testing procedure,‘the subjects were
securely strapped. across the chest, pelvis, and proximal to
the‘patella. The subjects were seated with the hips flexed
at approximately 105 degrees (180 degrees equals full hip .
exeension). The axis of rotation of the dynamometer was
aligned with the lateral femoral condyle of‘the knee joipt.
The lever arm was.ettached to the tibia at the top of the -
medial malleoli, allowing for active dorsi flexion of the
ankle. Due to variations in femoral lehgths, back rests were
used (if needed), to maintain a standard distance (one and
one half inches), betweenvthe edge of the table and the
lateral femoral condyie of the knee joint.

The Cybex II was caliprated according fo.the Cybex
manual (15);'Peak muscle torque was measured by means of an
_electronic transdu%f; callea the Cyhex II bual Channei
Recorder, which giies a graphic readout of the generated
torque curve over thy ehtire«raﬁge of movement. A damp
setting of "2" was used, with the chart speed set at 5 mm/s.
AThe torque range scale was set at 180 ft- 1bs, and the

pos1t10n angle scale was set at 150: degrees. The effect of
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gravity on the genefated torque recordings were not
corrected for since the effect due to gravity would remain
constant within and between the pre-test and post-test

measures, on both flexion and extension movements.

Testing Procedure

\Two isokinetic tests were administered, one before and
one after the training period. The Cybex II isokinetic
dyhamometer was used to measure peak muscle torque (ft-1bs)
of the quadriceps and hamstrings. Fof the purpoée'of
analysis, {grque readings wére recorded in ft-1bs and then
converted to Newton-metres (N-m). Peak musclgltorque Qas
measured at an angular velocity Bf 0.524 f/s (30 deg/s). The
subjecrs warmed up using three 5ubmaximal and three maximal
contfactlons at 0.524 r/s and then rested for approx1mately
two m1nutes prior to testing. One set of five maximal knee
flexions and extensions were ?erformeq from ninety to zero
‘degrees (zero degrees equals fhll knee extension) using the
dominant leqg. The dominant leg was defined as the limb which
the subject would use when kicking a ball.‘Peak torque was
obtqined by recording thé highest value from the last four
curves from the Dual Channel Recorder readout with a
Cybex II Chaft Data Card (Appendix F). TBe_fitst torque
curve was omitted in order to avoid incotrect.torque'outppt,
which may result due to the sﬁbjécts unfamiliarity with the .
Cybex II dynamometer.” The subjects were:encouraged to exert

maximal force throughout the 90 degree arc of movement.



26

Training Program

The subjects trained on either the Hydra-Gym unilateral -
quadricep/hamstring machine or on the Nagtilus leg extension
and leg flexion machines, three times a week for a period of
six weeks. The control group did not exercise for the
duration of the six week program.

The subjects in the HydréfGym groué traiﬁed on one
machine that exercised the quadriceps and hamstrings in the
same‘set. In performing the'exercise, the subjects
alternately moved the legs in opposite directions as quickly
as possible, thét is, one leg performed extension while the
other leg moved through flexion. The subjects trained for
strength by performjné four sets of repeated repetitions for
20 seconds. Forty seconds of rest was allowed bétween each
‘set. The resistance setting was set at 5 for the first four
weeks, and at 6 for the last two weeks of training. The
subjects attempted to progreg}ively increase the number of
repetitions for each 20 second work interval. The total time
of work for the Hydra-Gym training group was 80 seconds, per
training session. |

| The éﬁbjects in the Nautilus training group performed
one set of repegitions~on two separate machines. One machine
exercised the qUadriceps} and the second machine exérciSed
the hamétrings. The sﬁbjects selected a‘resistahce that'}
permitted 8;to 12 repetitions in one Set; The-fesistance was
'increased_by five pounds when more than 12 repgtitions'cguld

be performed. One repetition took approximately five seconds

N N
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to perform. The concentric phase of contraction took two
seconds to. perform, and the eccentric phase of contraction
was performed in three seconds, thus accentuating eccentric
contractions, In performing 8 to 12;§epetitions, the total
time of work for the Nautilus training group was 80 to 144
seconds, per training session. .
In both training programs, ‘the subjects worked through
at least a 90 degree range of ﬁotion, and they were
encouraged to perform as many repetitions as possible in the
work interval. Both training programs included a five to ten
minute warm- up §f passive stretching ekeréises immédiétely
prior to training. Each subject kept records of their
training program in regards to the date, resistance setting,
and number of fepetitions performed (Appendix I). In order
to assure consistency of performance, the subjects weré
instructed and supervisea in the Hydra-Gym and Nautilus
training techniques and procedures for exercise performance

on the leg flexion and leg extension machines.

wwwww

Stetistical Analysis

A pooled regression analysis of covariance. was applied.
to the data to‘determine whether there was a‘stqtistical
significant difference 5etween treatment éfoups and‘tfial
measures, and; to detect for\phe differences in pre-test
group meaﬁs. The élpha error Laé set at the .05 level of )
significance. The .01 .and .OOJ levels(were,reported.if'thé

data‘ was found’to be significant at the corresponding

levels,



CHAPTER 4

RESULTS AND DI scus\sxdﬂ

/

Results

A pooled regression analysis of covariance was employed
on the data from this study to determine significance
between groups and trial measures since subject attrition
and/or sampling error resulted in unequal group means on the
pre-test scores. A preliminary analysis of covariance, to
assess individuél group regression lines, between pre-test
and post-test measures, indicated that the regression 1ines
were sufficiently homogeneoug to warrant using a regular
analysis of covariance, based on a pooled regression
_estimates.‘ |

The mean torque values and the mean effects ébr;ectqd
for;the covariate for the data é;nératea during knee
-extension and knée‘fléxiOn are presentéd in Tables I and II
respectiveiy.‘An e#aminatiqn of the pre—test‘ahd pbst4te5t
group means'for‘knée.extension (as illustrated in Figure 1)
indicated that the Hydra-Gyﬁ and Nautilus training'groups
significantly increéséd (p<.05) in peak toque‘by 31.39'aﬂd

36,27 percent respectively. The control group experienced a

- 28
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4,31 pércent decrease in peak tofque, however, this decrease
was not significant within the boundries of the .05 level.
Similar results were found for knee‘f}eXion. Both the |
Hydra-Gym and Nautilus training groups significantly
increased (p<.05) in peak torque by’ 16.42 percent and 23.80
percent ;espectively. The control gfoup,decreased in peak
torque by 8.46 percent, however,.this decrease.was‘nbt

significant within the the boundries of the .05 level. These
. 8}

findings are graphically represented in Figure 2.
¥

2

Table I
MEAN TORQUE VALUES AﬁD MEAN EFFECTS CORRECTED FOR THE

COVARIATE FOR KNEE EXTENSION (N-m)

e

" Pre-test - Post-test » Corrected
- rostrtest .
Group y Mean . , Mean Mean
Hydra-Gym = L 113,90 149.99 - 65,53
Nautilus ~.128.30 ©174.83  © 79.69

Control 138,12 132.41 %, 29.98

-3
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Table I1
MEAN TORQUE VALUES AND MEAN EFFECTS CORRECTED FOR THE

COVARIATE FOR KNEE FLEXION (N-m)

Pre-test Post-test Corrected
Group Mean Mean Mean
Hydra-Gym 88.97 J03.58 53.28
Nautilus ‘ 92.52 114.54 62.24
Control 98.23 90.57 © 35.05

A summary of the results of thé analysis of covariénce
for knee extension is illustrated in Table III. The overall
treatment effects were significant at the .001 level of
significaﬁce. The éverall mean treatment effects corrected
for the covariate and the individual contrasts for the |
corrected means for knee extension are presented in
- Table IV. There was no statistical significant difference
betweer treatment groups-at the .05 level of significance.
Tpere was however, a'statistiéél significant éifference
between the control group and treatment groups at the .001

level of significance..
’
*
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SUMMARY OF ANALYSIS OF COVARIANCE FOR KNEE EXTENSION TORQUE

VALUES

Source of
Variation

SS Model

SS due to
mean

SS due to
treatment:
and

covariate

SS due to
covariate

SS due to

treatment

SS error

Sums of
Squares

946142.81

923058.00

23084.81

6418.19
16666.62

19752.13

daf

36

Mean
Squares

7694)94

6418.19

8333.31

548.67 .

Tane v

Ratio

14.02

11.70

15.19

<.001%

<.01x%

<.001=%

INDIVIDUAL AND OVERALL TREATMENT EFFECTS CORRECTED FOR THE
COVARIATE FOR THE ANALYSIS OF COVARIANCE IN KNEE EXTENSION

Source
Overall
Treatment
Effects

Individual
Contrasts

H vs N
N vs C

H vs C

i

af

(2,36)

(1,36)

(1,36)

(1,36)

-

F
Ratio

15.19

l

2.22
29.39

12.94

H:Hydré-Gym NéNaukilds C=Control

\

*significant RS

\\

\..

p
<.001%

>, 145
<.001*
<,001%
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A suﬁhary of the results of the analysis of covariance
for knee flexion is illustrated in Table V, The‘overall
treatment effects were significant af the .001 level of
significance. The o?erall mean treatment effecﬁs corrected
for the covariate and the individual contrasts for the
corrected means for knee flexion are presented in Table VI.
There was a sfatistical significant difference between the
treatment groups at the .05 level of significance and
between the control group and treatment groups at the .001

level of significance.

Table V

SUMMARY OF ANALYSIS OF COVARIANCE FOR KNEE FLEXION TORQUE
VALUES

‘Source of Sums of ' Mean F
Variation Squares df Squares Ratio P

SS model '427554.25

SS due to 420966.75

mean
SS due to 6587.50 3 2195.83. 20.07 <.001=%
treatment . o, , _ ,

and

covariate

SS due to 1568.66 i 1 1568.66 14,34 <.01%
covariate ' . )

SS due tb 5018.84 .2 2509.42 22,94 . €.001*
~treatment | ' ' : ' S

SS error - 3937.94 36 . 109.39

*significant
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Table VI

INDIVIDUAL AND OVERALL TREATMENT EFFECTS CORRECTED FOR THE
COVARIATE FOR THE ANALYSIS OF COVARIANCE IN KNEE FLEXION

' .

1 F
Source . daf Ratio p
Overall (2,36) 22.94 <.001%
Treatment
Effect
Individual
Contrasts
H vs N (1,36) 4.72 <.036%
N vs C ‘ (1,36) - 44,42 <.001%
H vs C (1,36) 19,19 <.001%

H=Hydra-Gym N=Nautilus C=Control

*significant

5

Discussion | : é
The results of the present -study indicates that after a
six week traininé period a significant increase in strength
in the quad;iceps and hamstrings was observed 5: a bélocity
of 0.524 r}g (30 deg/s) (§<t001). fhese findings are
coqgistent.with those.of other researchers utilizing 4
variable and semi-accommodating resisténce training
‘equipment (4, 22, 25, 26, 41, 42, 43). The present data
suggests that significant muscular adaptations occurred,
thus increasihg the ability to generate stréngﬁh during
short term work. IE is plausible'to»sugéest that any -

increases in muscular strength is related to muscular

“hypertrophy énd/or due to muscle innervation. The‘strength
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of a muscular contraction is dependent on the number of
motor nerve fibres which are activated in the muscles during
exercise, the rate in which the impulses are discharged,

and/or the amount of contractile protein:developed and
stored by'the muscle (28, 39). With ungrained muscles,
initial strength gains are eééentially due Fo the activation
of previously dormant fibrés. As the trainfég program
continges, strgngth gains. are most likely due té a
combination of physiological changes occurring in the

muscles.
+

The pooled regression analysis of covariance on peak
torque‘scorés demonstrated that the Hydra—éym training
machine has no advantage over the Nautilus training machine
or visa versa in quadriceﬁs strengthening. Perhaps the six
week experimental period was not long enough to elicit a
significantigfféct. Herver, the Nautilus tfaining machine

bl

was significantly superior (p<.05)‘to the ﬁydragym training
machine for increasing strength in the hamstring muscle ‘
group. This may*be:due to the fact that the sdbjects in the’
Nautilus tréining'group exercised the guadriceps and
hamstrings separately on two different machines. The
subjects in thé Hydta-Gym‘tfaining group had to exercise
both musqle‘groups at‘the same time, thus, more |
concentratzon may have occurred in the knee extension phase
rather than concentrat1ng on both the knee extension and

knee flexxon,movements at the same time. Further, the

éuadficeps, due to their advantageous insertion to the

#5
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skeletal system, are a stronger muscle group than the
hamstrings. The skeletal advantage and the size of the
muscles in the quadriceps provide for a greater resistancé
to bé generated in the knee extension phase, than in the
knee flexion phase. This may have been the cause for
emphasizing the knee extension phase, thus reducing the
effects of the knee flexion phase of the exercise. Another
possible explanation for the superiority of the Nautilus
training group over the Hydra-Gym tfaining group, for
hamstring strengthening, is the fact that a few of the
subjects in the Hydra-Gym training group experienéed
bruising on the back of the knees. This would hinder the
performance of the individuql when they‘'tried to exert
maximal force in the flexion phase of the exercise.

The rgsults also demonstrated that the control group
generated less torqué in the post-test than in the pre-test,
in the hamstrings and quadricepé, over the six week
' experimental period. This decrease was not significant at
the .05 level. This may have been due to the subjects
motivation level during the testing séssiohs. The subjects
enthusiasm'upon enfering the study, may have been the cause
for,gigher peak torque scores on the pre-test, Oncefthe
subjects were placed into the control group, their |
. motivation levels may have dropped, (ie. less enthusiastic |,
about participating'ih the-study);’thus prodpcingVIOwer
tofque scores on the pdstftest measuremeqt,'(in comparison

to the pre-test scores).
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One of the major problems in comparing the
effectiveness of two different types of resistance machines
is the difficulty in equating the work accomplished in the
training programs. 'In the gpesent study, the manufacturers
general guiaelines were taggn into consideration when
equating the work loads for the two training programs. The
Nautilus training group performed one set of 8 to 12
repetitions 6n two machines. One repetition took 5 seconds
to perform, which resulted in 80 to 144 seconds of work, per
training session. The Hydra-Gym training group performed
four sets of repetitions on one maphine that simultaneously
exercised the quadricep and hamstring muscle groups. One set
consisféd of 20 seconds of work. The total time of work for
the Hydra-Gym group was 80 seconds, per training séssion. In
comparing the workioads for the Hydra-Gym and Nautilus
training grbup, the Nautilus training grohp performed more
work (in terms of time) than the Hydra~-Gym training group.
The longer work period for the Nautilus training group mair
have been advantageous in alteridg the neural activity thét‘

.accompanies strength gains. Simply, a'lonéer t;;ining
stimulus wohld result in a greater respoﬁSe to musclg-nerve
iﬁnerQation and motor unit activity. This may warrant thé.
results of the Nautilus training machine being significantly
superior (p<.05) to the Hydr&-Gym training machine in

‘affecting changes in muscular strength in the hamstring

muscle group.
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‘Further research is needed regarding the intensity and
: v :
duration of training before workloads may be precisely

equated with different types of resistance machines.

- -

(o



CHAPTER 5

SUMMARY AND CONCLUSIONS

Purpose

The purpose of the jpresent study was to compare the
Nautilus leg flexion and leg exten510n variable re51stance
-machines, with the Hydra Gym unllé%eral quadrlcep/hamstrlng
omnikinetic machine, ik their ablllty to affect changes in

peak muscle.torque, usi the training protocols recommended

by the manufacturers of tkg/gguipment.

! ?iconsistéd of forty volunteer sedentary women
with no significant history of lower limb pathology. The
subjects were randomly selected into three groups, followed

by random assignment of treatments to"groups.

Procedures |
‘The 'subjects were tested on a Cybex II isokinetic
dynamometer prlor to the start of the program and
1mmed1ate1y followlng the completion of the training
program. Peak muscle torque of the quadriceps and hamstrings
‘was ﬁéaéured at.an‘ gular veloc1ty of 0 524 r/s (30 deg/s)
The subjects tralned on either the Hydra- Gym unllateral'

quadrlcep/hamstr1ng mach1ne or on the Nautilus leg exten51on

40
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and leg flexion machines, three times a week for a period of

six weeks. The control group did not exercise for the

duration of the six week program.

A pooled regression analysis of covariance was applied

to the data to determine whethér there was a statistical

significant difference between treatment groups.

S >

Results

An examination of the data fndicated that the training

groups produced significant changes in muscular strength in

the guadriceps and hamstrings (p<.001).

The Nautilus equipment was superior to the Hydra-Gym

‘-

equipment in affecting changes in strength in the hamstring

muscle group (p<.05).

.05 level) in the type of training machine used for

Further, there was no significant difference (at the

>

a

strengthening the quadricep muscle group. .

Conclusions ' .

From the testing protocbl; training protocol, ang

experimental method used in the present study, the following

“

conclusfons(afgxﬁarranted-

1.

training.

Musculap strength can be significantly 1ncreased in the
quqdriéeps and hamstrlngs on a training program

utilizing variable and semi-accommodating resistance

.
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2. Variable resistance training is superior in increasing

strength in the hamstrings as compared to

semi- accoqéodatlng resistance training.
A\
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3. There is no“€agn1f1cant difference between variable and

\
semi- accommodat1ng resistance tra1n1ng programs for

1ncreas1ng mUSCUlar strength in the quadriceps.

\
S\

Recommendations

The results of the present study‘demonstrated that

variable and semi-accommodating resistance strength 'training

showed improvements in muscle torque output} The following

‘recommendations are listed in order to encourage further
research in the area of re§1stance tra1n1ng
1. This research was conducted to’ hscerta1n the

effectiveness of the Nautllgs variable resistance

machines and the Hydra—GYm eemi-accommodating tesistance

\,
\

. \ ) . B
machine, in their ability to affect changes 1n muscular

N

strength in the quadriceps and hamstrzngs. This study

could be repeated by UtlllZlng va Qous Nautllus and
' \

Hydra-Gym exercise machlnes, S0 thaﬁ\several different

v\ : ) R
J . \, N
- groups of muscles may be .exercised, as opposed to

11m1t1ng the exercises to the quadr1cep hnd hamstr1ng

muscle groups. As a result of exercising varlous muscle

groups on dlfferent re51stance exerc1se machlnes,A

comparat1ve research may be conducted regardlng changes

\

in muscular strength andé%bwer, anaerobic and aerob1c

work capac1ty, and, body composrtlon. ‘ ‘{;

fe

*

@
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Further research is needed involving the intensity and

duration-of exercise, so that the work accomplished in

training programs utilizing.,different resistance

- 1

machines, may be precisely'eddﬁied.
Future investigation could be conducted on specific
groups of women athletes to determine the effectiveness

of variable and semi-accommodating resistance training.
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RAW DATA FOR HYDRA-GYM TRAINING GROUP (N-m)

T

Subjeet | Age
1 19
2 22
3 26
4 21
5 21
6 21
"7 22
8 : 20
9 23
10 22
11 21
12 29
13 20
MEAN'

a

a

Knee Flexion

Pre Post
92.2 101.7
81.4 97.6
65.1 77.3
97.6 105.8‘
97.6 116.6
75;9 97.6
. 122.0 134,2
97.6 113.9
65.1 88.1
104.8 S 111.2
65.1 93.6
97.6 105.8
93.6 -103.1
89.0 103,6

- 51

®

Kne® Extension

Pre

122.

96.
108.
122.
122.
105.
130,
105.
130.
126.

97.
104,

109.

113.

0

3
5
0
0
8
2
8
2
1
6
4

8

9

Post

135.6
146.5
113.9
162.7
143.7

154.6

215.6

196.6
150.5
138.3
126.1
138.3

127.5

150.0

Note: N-m of torque may be converted to ft-lbs of‘torque by

dividing by 1.356.



RAW DATA FORVNAUTILUS TRAINING GROUP' (N-mJ

Subject Age

1 24

2 19

3 20

.4 24

5 21

6 20

7 22

8 20

9 30

10 19

— 28

12 28

13 21
MEAN

Knee Flexion

Pre T Post
97.6 105.8
93.6 | 130.2
90.9  130.2
89.5  97.6
85.4 103. 1
97.6 130.2
88. 1 101.7
99.0 135.6
92.2 97.6
92?2 103.1
101.7 130.2
101.7 126.. 1

73.2 /97,60
/'/’ /) t I o
. - S
114.5

.128.3

>

Knee Extension

Pre Post

52.

122.0 146.5
138.3 215.6

94.9 115817 .
112.6 % 135.6
126.1 146.5
130.2 219.7
126.1 158.7
184.4 211.5
126.1 154.6
149.2 ¢ 162.7
113.9 157.3
127.5 215.6
116.6 189.8
174.8

'Note: N-m of tofque may.be>converted to ft-1bs of torque by

dividing by 1.356.

>
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RAW DATA FOR CONTROL GROQUP (N-m)

Knee Flexion Knee Extension
Subject Age Pre Post Pre Post
1 25 . '81.4 93.6 120.7 105.8
2 v 25 - 93.6 96.3 105.8 97.6
3 27 62 .4 73.2 122.0 130.2
4 21 101.7 " 90.9 179.0 146.5
5 20 92.2 89.5 109.8 113.9
6 18 " 97.6 97.6 103. 1 122.0
7 20 130.2 118.0 207.5 '208.8
'8 19 101.7 81.4 126. 1 122.0 .
9 - 21 105.8 89.5 153.2 124.8
10 23 101.7 89.5 - 179.0 154.6
11 23 130.2 81.4  138.3 150.5
12 21 93,6 89.5 - 124.8 118.0
13 20 101.7 88.1 182.4  130.2
14 22 . B1.4 - B89.5 122.0 128.8
| MEAN 98.2 90.6 138.1 132.4

\

Note: N~m of torque may be converted to ft-lbs of torque by

dividing by 1.356.
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CYBEX 11 TORQUE CHANNEL CALIBRATION )
Recorder Scale Selectg{: 180 ft-1bs ~

Lever Arm: 31 inchess

Weight: 32.5 lbs ' ) -
Graph Recording Peak: 5 major divisions (90 ft-1bs)
*ﬁeasure djstance from centre -of dynamometer input shaft to
center of calibration T-bar cross tube (lever arm length).

¢

Calibration Procedure:

1. Turn powé} on and allow for five minutes warm up.
2. Set torque éhénnel scale to 180 ft-1bs.
3. With speed selector ON at 30 deé/s or 0.524 rad/s, and
the recorder ON, but no torque applied to the lever arm:
a. Select #3 position on bamping control.
b. Select slow~chart speéd (5 mm/s).'
c. Align stylus with baseline of chart grid paper. using
"Zero Aqust" control en recorder.
d. Switch foot-pound séale éé 30. Check to see baseline -
‘does not shift when range scale is changed fromi180
tol30. Baseline shift.can be corrected by adjusting
with a small screwariver, the potentiomete:'éh the
‘top right side of the recorder (marked zero null),
;.; Attach balaﬁcedAéeighed aisc weights (32,5 lbs +1) to »

4

the T-bar.
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5. Dynamic calibration is performed by manually lifting the

weighted T-bar to the vertical position and allow

grayity to swing it down until the weights contact the

floow, As

the weighted arm passes the horizontal, the

graph récording will show this value as a maximum point
Al

on the curve (5 major divisions on the graph paper). If

this point is above or below the correct torqgque value,

adjust the potentiometer for the 180 ft-1b scale through

‘the holes
the small
clockwise

clockwise

»

on the top right side of the recorder, using
screwdriver. Turning the potentiometer
increases the torque reading, and counter

»

will decrease it.

Torgue measurement repeatability:

Test-retest reliability = 0.995 (33).
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Cybex Position Angle Calibration

There are two scale settings (150 and 300 degrees).

Since the joint pattern of this study did not exceed

150_de§rpes, this was the scale selected.

Procedure:

1

7.8

Turn on power.
Select degree scale (150 degrees).
Select;éhaﬁt speed at 5 mm/s.

Set input to CCW (counter clockwise).
While*depressing the zero button, use position angle
ZERO ADJUST Knob to adjust stylus to zerO‘baseline.v
Release Zero Test Button. |

Adjust position angle channel stylus to zero baseline by
¢

turning the goniometer dial on the dynamometer ,
clockwise. °
Recheck steps #5 and #6 until the stylus does not

deviate from zero base¥ when the Zero~Button is

pressed or released. . - o . . .
Using the white line under the goniometer dial as an

index mark, rotate the dial clockwise 150 degrees. If
- - . ‘

the stylhs traces a line on the top line of the graph,

-

no adjustment is necessary._ff‘the,stylus'lies a55ve or
belbw the top iine, repeat éteps #5 through #8 to verify

the reading. If no adjustment is nebessar}, proceed to

*
«

step #9. S | ¢
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.

Locate the "Deg. Cal." screw on the recorder panel.

‘Using a 7/16 inch wrench, slightly loosen the locking

nut that secures

the screw. With a 'standard slot

screwdriver, turn the screw to move the. stylus line

precisely to the
chart. Using the
down the locking

steps #5 through

top of the line on the Position Angle
screwdriver to hold this position, snug

nut. Re-check calibration.by repeating

#8. . &
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Cybex Speed Selector Calibration

<

Procedure:

1.

2.

. error. . - @]

Turn on power and allow for 5 minutes warm up.
Attach adjustable arm with push-button, locking collar

with thumb-screw and handgrip.

‘Adjust speed to 180 deg/s (3.144 rad/s).

Using a stopwatch, determine the time necessary to
complete fifteen revolutions in either direction. Be
sure to keep the dynamometer torgue gauge needle above
zero for the entire timihg duration. Complete at least
one full revolution before starting timer.

Calcuiatg actual R.P.M.: Divide 900 by the number of
seconds it takes to complete 15 fevblutiong. The ;esults
is the actual R.P.M._qf the input shaft.

If the R.P.M. is 30 (+.3) the tachometer is reading
correctly and requires no adjustment. If the actual
R.P.M. is less than 29.7 or greater than 30;3, repeat

the timing and calibration procedure to check for human.

Test-retest reliability = .985 (33).
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EXAMPLE OF tYBEK IT LEG EXTENSION/FLEXION PRINTOUT

¢

(30 deg/sf

TORQUE (FT ._BS)

I . 09 P9 el
il L S L e A
e 91 FUUES tn T 0730 DOAE3 EROVY Depet
il i LT
1433 i;.’ e FETRY TR N . -
H . [0 -
: 3 ..
} X 0 N ' sy
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i f ; ! R O o 19 OO0T I
i S IR AT A ; S [ e
B =T v
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GRID C —180 1. Ibs./ 300" Scales

Minor lines equal 6 degrees on 300 scale and 3 degrees on 150 scale
~

GRID B — 360 ft. Ibs./ 150" Scales
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Uses of this card:.

1. Find torque at specific joint anglel(s). »

2. Find joint angle for peak torque or other specific torque.
3. Find active range of motion for specific movement or
pattemn. R

4. Find Time Rate of Tension '('qrqulo) Dt.volopmom.

Instructions for use:

1. Select edge of card with proper Torque and Position
Angle scales for the test being made or evaluated (i.e.,
30, 180 or 360 ft. Ibs. with 150 or 300 degrees).

. Decide whether 0" (or neutral) joint angle is at bottom
line of degree scale grid on chart paper or at midline
of grid. For example, for knee extension/flexion,
0 degrees (full extension) is at bottom line of grid; for
ankle inversion/ eversion, 0 degrees is at midline because
movement is possible on both sides of the 0° ‘
nevtral position.

Use shaded degree scale areas when 0 is ot midline
of grid. B

NOTE: To correct evaluction of groph recerdings, patient gnd test

condition dato (name, date, paftern tested, terque and degree scale used)
should always be noted en chon paper o on yellow CYBEX Test Prescription
‘labels offixed te poper. Use ORTHOTRON/CYBEX Exercise Thecapy Record
fo log and evoluate test data.
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CONSENT FORM

The University of Alberta

Department of Physical Education

INFORMED CONSENT FORM FOR THE FOLLOWING STUDY:

| COMPARISON OF THE EFFECTIVENESS
OF VARIABLE AND SEMI-ACCOMMODATING RESISTANCE TRAINING
IN QUADRICEP AND HAMSTRING STRENGTHENING
IN WOMEN

SUBJECT CONSENT:

I, : do herby agree to participate as a

subject in the study entitled, "Comparison of the

#F Effectiveness of Variable and Semi-Accommodating Resistance
Training in Quadricep and Hamstring Strengthening in—Women",
j;onducted by Angela Kochan. I have been fully informed of \

11 risks and stresses that are associated with this study.
do not suffer, nor have I ever suffered, any leg injury,
-medical condition, disease, or disability, which may prevent
me from participating in this study. I also understand that
I may not participate in any athletic activities during the
training program, and that I may withdraw from this study at

any time. , . -

SIGNED"

¥ DATE

ADDRESS L T | -

PHONE =~ - S e
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EXERCISE TESTING DATA RECORD SHEET

NAME :

t

GROUP:

AGE: ° \

VELOCITY; 30 deg/g (0.524 rad/s)

#REPS FOR PEAK TORQUE: 5 - @

CUSHIONS:

LEVER ARM LENGTH:

DYNAMOMETER LENGTH:

i
i

POST-TEST

PRE-TEST

DATE\ ) '
v \
WEIGHT "
(1lbs) . N

. 'EXTENSION. FLEXION EXTENSION FLEXION
PEAK
TORQUE o
(N-m) ‘ /

RIGHT LEG ¢ 8@ s

LEFT LEG
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- NAUTILUS TRAINING PROGRAM RECORD SHEET
' LEG FLEXION MACHINE LEG EXTENSION MACHINE
DATE WEIGHT (lbs)  # reps WEIGHT (1bs) # reps
S o *
A
'.
1
e
Ry :
j¢4 ’\




HYDRA—GYM TRAININé PROGRAM RECORD SHEET

#

# OF REPETITIONS IN.20 SECONDS

2
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DIAL SET  'SET se? SET
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EQUIPMENT LIST

1.) CYBEX II ISOKINETIC DYNAMOMETER, SPEED SELECTOR, DUAL
CHANNEL RECORDER, AND DATA REDUCTION COMPUTER. N

Manufacturer

Cybex Division of Lumex Inc. .
2100 Smithtown Ave.

Ronkonkoma, New York

11779

4

2.) NAUTILUS LEG FLEXION AND LEG EXTENSION MACHINE
Manufacturer

Nautilus Sports/Medical Industries
P.O. Box 1783

Deland, Florida

32720

3.) 'HYDRA-GYM UNI-LATERAL LEG FLEXION/EXTENSION MACHINE

Manufacturer
Hydra-Fitness Industries:
Division of Hydra-Gym
‘P.O. Box 599 -

Belton, Texas

T~ 76513



