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PREFACE

The purpose of this edition is two fold: (1) To present the significant conditioning

differences as they presently exist between Universal and the Nautilus system; (2) To
scientifically establish which system of conditioning is most capable of producing the

highest level of human efficiency.



It is our further intention that the facts provided will stimulate the readers to further
evaluate their present means of conditioning and to eventually resort to ONLY those
methods which insure the greatest conditioning benefits.

The foregoing developments reflect the true findings from actual scientific assessments of
lifting performances as they occurred on the two systems of conditioning in question.
These findings will provide a sound understanding and overview of the essential
differences between the two systems and will further provide a comprehensive and up-to-
date source of useful data on problems related to specific conditioning theories.

We are again indebted to Chuck Coker, Harold Zinkin, Dr. Gideon Ariel for his

ingenious application of Computerized Biomechanical Analysis, Ed Burke and chief
engineer Kenneth Gustafson. Along with their professional assistance and the combined
efforts of our entire staff you can be assured that Universal will continue to develop only
the finest conditioning equipment that provides for the greatest degree of physical
improvement.

Universal will also continue in its efforts to provide you with ONLY the most-up-to-date
facts in conditioning and hum an performance so that all may share the common thrill that
comes with new ideas and the satisfaction that results from seeing greater progress in the
efficiency of man and his movements.

Copyright© 1974 by Universal Athletic Sales

INTRODUCTION:

Since the beginning of modern weight training, there have been vast improvements in
both the design and function of various resistive systems. Progress can mainly be
contributed to man's quest for an easier and more comfortable means of assuring
maximum muscular development.

This quest has given birth to many different conditioning systems, which have had their
own unique but, somewhat, mystical conditioning theories. For the most part, many of
these systems and theories were short-lived, as their development was largely due to mere
speculation and guesswork which may have been derived from little or no practical
experience.

Today, the theory in conditioning and equipment design has often been referred to as
"variable" resistance. Variable resistance refers to a resistance intensity which is capable
of increasing or decreasing to accommodate man's changes in leverage and muscular
force. The theory is obviously physiologically correct, however, the majority of
conditioning machines on today's market are not capable of performing as required.
Despite the many failures that do exist, manufacturers have resorted to making wild
conditioning claims to lure customers into believing conditioning miracles will occur.
Unfortunately, many have fallen for these promotional gimmicks, only to be extremely
disappointed with the actual end results.

This study will be the first scientific attempt to determine the true conditioning value of
the Universal and Nautilus variable resistance systems and their related conditioning
theories. The word scientific has often been misused, however, in this case, it refers to
computerized biomechanical analysis — the perfected science which investigates the
effect of internal and external forces upon living bodies.

The following conclusive findings will again provide the reader with the true conditioning
effectiveness presently provided by the Universal and Nautilus systems. The conclusive



Nautilus findings may also hold true, in some degree, for other manufacturers using
similar components.

For those who have been searching for scientific comparisons rather than visual
inspections arid unsubstantiated claims, this will be a welcomed change!

Basic Objectives

In order to scientifically evaluate the Universal Gym and the Nautilus conditioning
machines, it is necessary to establish the standards by which they should be analyzed.
These essential standards must be incorporated into the design of conditioning equipment
if superior athletic performances are to be achieved:

To determine the intensity of
resistance for each exercise
station. This can only be
accomplished by:

a. An accurate assessment of man's biomechanical system.

b. An accurate assessment of the variability of kinematic and kinetic factors imposed by
the apparatus including its mass and inertias.

The evaluation of the resistance intensity provided by Universal and Nautilus can be
determined by the muscular efforts generated by the body segments at each particular
exercise station. Actual muscular force data will be provided on Universal and Nautilus
exercise stations and direct comparisons will be made when applicable.



To determine the desired speed of
the movement in various athletic
performances and how these
velocities can be incorporated into
the exercise machine without sig-
nificantly altering the motion

itself.

Scientifically evaluate Universal's
conditioning theories and those of
Nautilus in order to establish
which method will contribute to
the greatest improvement in
athletic performance.

The comparative analyses of the two systems involving these scientific standards will
clearly substantiate which of the two products is superior for athletic and human
performance.

SCIENTIFIC PRINCIPLES GOVERNING
THE DETERMINATION OF RESISTANCE INTENSITY
IN EXERCISE EQUIPMENT

In order to accurately assess man's biomechanical system, it is necessary to resort to those
scientific methods of research which are capable of accurately determining, the various
human mechanical changes. (12-30, 45, 46, 48, 131, 180-195, 203, 207)

Universal utilized computerized biomechanical analysis, the only scientific method
capable of determining man's muscular resistive needs in specific conditioning exercises.
This sophisticated and highly complex science involves a systematic application of the
laws of mechanics and biological concepts, both anatomical and physiological, to the
problems of human motion.

Other forms of research methods are incapable of accurately determining the necessary
answers associated with the complexities of man and his movements. In order to
understand some of these complexities, consider the following illustration. A man



performs a squat exercise using the same weight but assuming two different trunk

positions.

MUSCLE FUNCTION CHANGE DUE TO 25 LBS. ON SHOULDERS

251bs) [*50¢m

100° My 5107825 g cm
HP EXTENSION

|z40cm

..5.2.. M_*+183060 g cm

KNEE EXTENSION

[*44cm

_M.--IOQ,SGG gcm
123" ANKLE EXTENSION
My 11,350 50 - 19 * 0
My +-107,825
M, My-11,350 40 64+ 0
nz-i-»o‘r.azs» 290,560 * 0
M, +183,060
M, -My- 11,350 44 (-388)+ 0
M, -183,060+292,376 * 0

u,--533.4500 cm
HIP EXTENSION

------ M,*~106,690 g cm
KNEE FLEXION

M. ~321,205 g cm
115° ~ ANKLE EXTENSION

Mg 11,350 50 - 94 :0
My * 533,450
Mp-My=11,350 40 (94) + 0
M,-(-533,430)- 426,760 * O
M, +-106,690
M -My=11,350 44(-43) + O
M,--106,690) + 214,315 + 0

M, *~-109,318 M, *-321,20%

The traditional kinesiological approach utilizing conventional methods of determination
of origins and insertions of various muscles may conclude that the knee extensors are the
dominant muscles. However, by utilizing computerized biomechanical analysis to assess
the intricate relationships among the body's link system, it was determined that with an
erect trunk the knee extensors are the dominant muscular force, but when leaning forward
the knee flexors are dominant.

More detailed information on computerized biomechanical analysis and the results
obtained from its application to specific conditioning exercises can be found in a previous
Universal publication, "Understanding the Scientific Bases Behind the Universal
Centurion.”

While assessing man's biomechanical system, it is equally important to simultaneously
consider the parameters of mass and the moment of inertia. Additional information will be
provided on the Universal and Nautilus conditioning machines relative to their mechanical
characteristics in the chapter entitled, "Failures to Avoid in Equipment Design." At this
particular time, however, it appears necessary to elaborate on the moments of inertia and
their effect on muscular performance.

Sir Isaac Newton pointed out that force depends not only on the mass (or weight) of an
object but also upon the acceleration, since the force is equal to the mass times (X) the
acceleration. (Force = Mass X Acceleration)



In order that the reader can clearly understand this principle, we will use an elevator to
illustrate that the variations in resistance are dependent upon fluctuations of motion.
Imagine yourself entering a hotel elevator. Upon entering, while the elevator remains
motionless, you weigh 200 Ibs., or, in other words, there is 200 Ibs. of force being exerted
on the floor of the elevator. When the elevator begins moving upward, the elevator starts
from 0 velocity and increases in speed. From experience one may recall a sensation of
being forced down or of feeling heavier as the elevator continues upward. The passenger
feels himself pressing down on the floor with a force which is greater than when he and
the elevator were at rest, and this phenomenon is commonly observed by most elevator
riders. We can measure this sensation by having the passenger stand on a scale in the
elevator while the elevator ascends at a slow speed (2 ft./sec.2). Observing the dial on the
scale for the 200 Ib. person, it would now read 212.5 Ib.!!

The reader can easily compute this result by using the following formula:

P=W+ (%) Xa

P = Apparent Weight

W = Passenger’s Weight

G = Gravitational Force

a = Elevator’s Acceleration

P =200 + (22 X 2
= 200 + (6.25 X 2)
=200 + 12.5
= 212.5

As the elevator approaches its final destination and slows down (-2 ft./sec.2), then the 200
Ib. passenger feels lighter and often experiences the sensation that he is continuing

upward without the elevator. In this particular stopping situation the 200 Ib. person would
observe the scale reading at 187.5 Ib.!

Human dynamics are concerned with man in motion and include any external implements
with which he interacts. Both the object and any body part may resist changes of motion
and these changes in motion are directly related to both the mass of the segment and its
moment of inertia. For example, when lifting a 100 Ib. barbell, it is generally assumed that
the resistance applied to the body is 100 Ibs. and that this barbell imparts a 100 Ib.
resistance throughout the complete range of motion. However, as in the case of the
elevator, when the 100 Ib. barbell is moving, the resistance it provides can vary from more
than 100 Ibs. to less than 100 Ibs., depending upon the acceleration of the motion.



FORCES DUE TO MOTION
(INERTIAL FORCES)

DECELERATE — less than 100 Ibs.
(decreased muscular efforts)

ACCELERATE = more than 100 l|bs.
(greater muscular efforts)

Since these inertial forces (acceleration and deceleration) affect the weight of the 100 Ib.
barbell, the magnitude with which the muscle has to contract is also affected. The less the
inertial forces, naturally, the greater the muscular contraction and vice versa.

In order to effectively cope with the problems of inertia associated with resistive exercise
equipment, it is essential to accurately identify their particular motion patterns. Since
acceleration and deceleration are factors in all human movement and can be modified
through mechanical means, they, therefore, must be incorporated in the design of the
exercise equipment. In order to maintain maximum, muscular efforts, it is necessary that
the resistance be varied throughout the range of motion according to the motion
parameters and the biomechanical changes previously discussed.

The success of one's assessment of these important parameters can be clearly determined
by calculating the actual muscular efforts as they occur on the various exercise stations.
Actual force curve data will be provided in the following section on both Universal and
Nautilus exercise stations. It can only be assumed that some scientific means of research
was conducted by Nautilus in order to assess these essential parameters. However, it
appears that Universal's scientific analysis is far superior to that of Nautilus, which
enabled Universal to assess Nautilus exercise equipment with perhaps greater expertise
than their original designers.

COMPUTERIZED BIOMECHANICAL ANALYSIS
OF THE NAUTILUS EXERCISE EQUIPMENT
AND ITS COMPARISON
TO THE UNIVERSAL PROGRESSIVE

DYNAMIC EXERCISE EQUIPMENT
T |

Prior to presenting the actual muscular performances as they occur on both Universal and
Nautilus equipment, it is necessary to briefly repeat the following facts:



/1. These analyses were determined through computer-w
ized biomechanical analysis -- the only scientific
method capable of accurately providing such infor-

(12-30)

madtion.

2. The muscular force curves, under dynamic conditions,
provide the ONLY real means of effectively evaluat-

(17-19)

ing muscular training efficiency.

3. Currently, only Universal has been able to provide
conclusive data on the Nautilus exercise machines,
since their original designers were unable to utilize

this scientific computerized biomechanical analysis. )

Mt

A brief introduction to the scientific procedures of data collection and processing along
with the scientific interpretation of the moment curves will be provided in order that the
reader can truly understand their scientific significance.

SCIENTIFIC PROCEDURES
OF
DATA COLLECTION

Slow motion cinematography was used to record actual exercise performances on the
Nautilus and Universal exercise machines. Special tracing equipment allowed the data to
be processed directly by a high speed computer. The appropriate computer programming
resulted in a segmental breakdown of information of the whole exercise motion. Data
obtained included the total body center of gravity, segment velocities and accelerations,
joint forces, and moments of force. A unique feature of this analysis procedure yielded the
significant contribution of each body segment to the whole motion and the interaction
between the exercise equipment and the body's segments. This sophisticated program
provided findings pertaining to the magnitude of the muscle action at each joint; the
vertical and horizontal forces at all joints; the magnitude of the shearing force at the joint;
the timing or coordination of motion between the segments; and the differences due to
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body builds. Each exercise possesses its own unique pattern of moments of force and
body segment sequences enabling determination of the efficiencies and limitations of each
particular exercise machine.

UNDERSTANDING MUSCULAR PERFORMANCE:

There are natural changes that occur in the human lever system while performing any
movements that necessitate different levels of muscular involvement. (89)

If one were to completely examine the human body, it would be possible to determine the
force ranges generated by the muscle. These ranges can vary from a light load to a
maximum load. Variations in load result from different levels of muscle fiber recruitment.
(64, 65, 68, 69)

When determining the maximum load that the muscle can lift, it is possible to observe that
the muscle remains capable of moving this maximum load, regardless of its relative length
(or degree of stretch). In other words, the relative force produced by a muscle does not
significantly vary due to its constantly changing length. (16, 58-60, 90-95, 99)

However, when the muscle is returned to the human link system, the muscle force can
vary throughout the range of movement while lifting the same maximum external load.
This variation in muscular force results from the biomechanical advantages and
disadvantages of the human lever system. When the human lever is in the position of the
greatest biomechanical disadvantage, commonly referred to in weight training as the
"sticking point," maximum muscular efforts are required at this particular point. When the
human lever system is in its greatest advantage, the muscular force diminishes in order to
lift the same maximum external load. Therefore, the variability that exists in muscle force
is due primarily to the changing advantages and disadvantages created by the human lever
system.

The following examples will illustrate the changes in muscular forces that do occur from
different leverage positions.

Example: M = force > distance

Moments of Force f—10 kg f=10 kg
d=35cm d=10 cm
The moment of force about ‘,'r

any point is equal to the
magnitude of the force

multiplied by the perpen- ‘ ‘ 10 k
dicular distance from the IN v
action line of the force LE2NE———d{o)]
to that point. 5cm ;
0?10 kg 10 em
M=5cm X 10 kg M= 10cm X 10 kg
= 50 kg — 100 kg

By understanding this important human phenomenon, it is relatively easy to establish that
muscles work at their maximum potential during only a very small range of the total
movement (normally only at the "sticking points").



In traditional weight training equipment there occurs a vast waste in muscle performance,
which may range as high as 705 of the total movement. For example, the following force
curve reveals what normally occurs when lifting near maximum resistance with a
conventional Olympic bar. Data for plotting this force curve was provided by the
computer output taken from the actual performance.

(In Kilograms)

| Po Whee  Memewt "o murrie

Mafe 35 v foce to

" Doy | 1XG.m) (L) L (L3
\ T 1 1776 9196 — 71.73 252.49  209.00

1536 8029 —113.47 20478 182,40

i
2
3 1346 5714 102.65 145.37 129.86
41200 4034 — 81,79 1085 9168
5 09.4 2619 3670 91.25 59.52
4 1019 1729 — 92 82.57 3930
ac- 7 7 L9 -— 4 78.8¢ o7
o 8 eas sl 2012 — 7729 .57
) | 9 95 732 1713 — 7649 1664
s / 10 941 717 — l6.6¢ 7624 1630
- / 11 957 765 — 17.5 7640  17.39
g 12 ol 806 2028 77.10 2036
T | / 13 102.2 1.065 2289 78.27 24 20
40 | 14 1047 1.195 — 26.9) 79.85 2716
J L) 100 5 1.347 - 29.52 8201 3061
6 1126 1604 — 1443 8536  36.45
71189 1792 3794 — 8889 4073
11 1216 2.239 - 4826 9548 5089
v = Conventional Olympic Bar ',: ;;?; :f:: = ;},i. ‘c: ;; 5“2;:
> 21 3951 71.78 12796 898
’ 22 1457 4748 — 807 4580 1079
23 1544 5891 9.73 17933 13200
24 1647 7811 — 9443 —21504 163.80
25 1770 8438 90.49 24561 186.28

| Positions 1/16 sec.

’ 10 5 10 " 3

In order to develop maximum conditioning effectiveness, it is an absolute requirement to
accurately vary the resistance. The variations in resistance intensity must occur only when
there are biomechanical advantages or disadvantages which decrease or increase the
required muscular efforts.

By varying the resistance accurately, it is possible to maintain the same degree of
muscular involvement (efforts) throughout the entire range of movement.

In the following computerized biomechanical analysis comparison between the Universal
exercise equipment and the Nautilus equipment, the force-mass-acceleration method of
deriving the equations of motion of the body's segments was used to determine the values
of the moments of force around the various body segments at successive instances in the
performance of the exercise. Subsequently, the fluctuations in muscular performance were
analyzed in relation to the total movement. (16)
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EXAMPLE OF COMPUTER OUTPUT FORCE DATA
AT THE ELBOW FOR AN OLYMPIC BENCH PRESS
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COMPUTERIZED
BIOMECHANICAL
ANALYSES

of the UNIVERSAL
and NAUTILUS
Variable Resistance
Conditioning Machines

ON FOLLOWING PAGES )

% Y,

The following muscular force curve pages contain frames taken from the original slow
motion cinematography resulting in reproduction difficulty, however, the essential
(lifting) body angles remain easily detectable.
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A SCIENTIFIC COMPARISON

THE UNIVERSAL PROGRESSIVE DYNAMIC
VARIABLE RESISTANCE LEG PRESS MACHINE

(

\ VARIABLE RESISTANCE available on Multi Station Machines. /

THE NAUTILUS LEG PRESS MACHINE
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THE UNIVERSAL PROGRESSIVE DYNAMIC
VARIABLE RESISTANCE LEG PRESS MACHINE

VS

THE NAUTILUS LEG PRESS MACHINE

In order to scientifically evaluate these two leg press machines, it is necessary to define
the standards which they should maintain.

It can be assumed that the leg press machine was originally developed in order to
strengthen the leg extensors around the knee joint. In order to achieve this function, the
ideal machine should provide for the following factors:

1. Provide a resistance capable of maintaining maxi-
mum muscular involvement throughout the complete
range of motion.

2. A machine design capable of reducing the effects of
shearing forces.

3. A machine capable of maintaining the natural accel-
eration pattern of the leg extensors as is required in
athletic performances and other strenuous activities.

Actual computer outputs on the Nautilus leg press machine have been included along with
a brief interpretation of their findings. (Universal computer outputs have been previously
provided in an earlier publication, "Understanding the Scientific Bases Behind the
Universal Centurion.")

The computer outputs provide the necessary data for plotting the actual muscular force
curves. The muscular force curves are the only significant means of evaluating which
machine is capable of insuring greater muscular performances (conditioning benefits).
The following muscle force curve for the Nautilus leg press machine reveals that the
resistance provided fails to maintain maximum muscular efforts throughout the entire
range of movement. Maximum muscular efforts are required only in the initial phase of
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movement and then the required muscular efforts diminish rapidly to a point of less than
10% muscular involvement (or exertion).

On the other hand, Universal is capable of maintaining a muscle performance level above
90% throughout the range of motion. Observing Universal's muscular force curve, one can
see that the muscular efforts vary only slightly throughout the range of movement and yet
never fall below 90%. This results in a far superior conditioning benefit to the leg
extensor muscles.

CONCLUSION: It is possible to assume that the failure to provide accurate variable
resistance in the Nautilus leg press occurred as a result of their inability to accurately
assess human movement and the other external motion parameters. Their lack of
knowledge resulted in a machine incapable of accommodating the biomechanical changes
necessary for maximum muscular performance. In addition, the mass of the machine's
moving parts is capable of creating inertia forces which further reduce the required
muscular efforts.

Universal, through accurately assessing man and machine, developed a far superior leg
press machine resulting in near maximum muscular performance throughout the entire
range of movement.

14



MUSCULAR FORCE CURVES FOR THE
UNIVERSAL AND NAUTILUS LEG PRESS MACHINES
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These muscular force curves reveal the true muscular exertions as they occurred
in the actual movement from start to finish (dynamic conditions.)

Computerized Biomechanical Analysis is the only scientific research method
capable of providing the actual dynamic muscular force curves.

CONCLUSION
The Universal Dynamic Variable Resistance Leg Press provides
as much as 90% more muscular efficiency (exercise benefits)
than the Nautilus Leg Press Machine. Only Universal provides
for maximum muscular exertions in full range exercise.
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A SCIENTIFIC COMPARISON

i

THE UNIVERSAL
PROGRESSIVE
DYNAMIC

VARIABLE RESISTANCE
SHOULDER PRESS
MACHINE

VARIABLE RESISTANCE

k available on Multi Station Machines. j
VS
THE NAUTILUS

SHOULDER PRESS
MACHINE
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THE UNIVERSAL PROGRESSIVE DYNAMIC
VARIABLE RESISTANCE SHOULDER PRESS MACHINE

VS

THE NAUTILUS SHOULDER PRESS MACHINE

In order to scientifically evaluate these two shoulder press machines, it is again necessary
to resort to the previous standards of (1) maintaining maximum muscular involvement in
the complete range of movement, and (2) maintaining the natural accelerations of
movement as found in athletic performances and other strenuous activities.

The shoulder press machine was developed primarily to strengthen the shoulder girdle
muscles which normally play a significant role in most athletic and strenuous activities. In
the shoulder press exercise, it is virtually impossible to identify the magnitude and the
direction of the many separate muscle groups that function during a dynamic situation.
(This limitation occurs in all multiple joint exercises.) In the shoulder joint there are
various groups of muscles which act upon the shoulder joint as well as the synergistic
function of the elbow extensors. Due to the complexities of these many muscles, it is
necessary to take the sum (resultant muscle forces) of their total effort, which represents
the amount of muscular involvement.

Actual computer outputs on the Nautilus shoulder press machine have been included
along with a brief interpretation of their findings. Universal computer outputs were
previously provided in the earlier publication, "Understanding the Scientific Bases Behind
the Universal Centurion.”

The force-mass-acceleration method was, again, used to determine the values of the
torques at successive instances in the total movement pattern. Also, the variations in the
pattern of movement as functions of time were investigated in relation to the kinematics
(description of movement) and kinetics (forces due to movement) of motion.

The following graph represents the moment (muscle force) curve which denotes the total
muscular involvement in percentages as it occurred throughout the entire range of the
exercise. Observing the Nautilus' force curve, it is revealed that the machine provides for
only 30% muscular efforts from positions 1 through 10, which is nearly half of the entire
exercise movement. From position 10 until completion of the stroke, the resistance
increases which provides for greater muscular efforts.

The Universal shoulder press machine insures more than 75% muscular involvement
throughout the entire range of movement and over 90% muscular involvement for
approximately two-thirds of the entire movement.

SFORSEE DT - A 0 ST TRCmres—

CONCLUSION: The exercise benefits, as revealed by the muscular force curves,
indicate that the Nautilus shoulder press station has increasing resistance. However, the
variation in their resistance is inaccurate in its intensity and occurs at the wrong time in
the exercise stroke. The Nautilus cam profile has inaccurately dealt with the proper
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biomechanical requirements. Again, it is possible to assume that the conditioning
deficiency in the Nautilus shoulder press is due to their inability to accurately assess the
necessary biomechanical requirements for this particular exercise.

Universal, as a result of scientific research, developed a shoulder press machine which
insures maximum muscular performance throughout the range of movement. The result of
Universal's efforts is the only shoulder press machine capable of providing maximum
conditioning effectiveness.

— —

MUSCULAR FORC/ZE~CURVES FOR THE
UNIVERSAL AND NAUTILUS SHOULDER PRESS MACI
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These muscular force curves reveal the true muscular exertions as they occurred
in the actual movement from start to finish (dynamic conditions.)

Computerized Biomechanical Analysis is the only scientific research method
capable of providing the actual dynamic muscular force curves.

CONCLUSION
The Universal Dynamic Variable Resistance Shoulder Press
Machine provides as much as 75% more exercise benefits
than the Nautilus Shoulder Press Machine. Only Universal pro-
vides for maximum muscular exertions in full range exercise.
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MUSCULAR FORCE CURVE FOR THE
NAUTILUS PULLOVER MACHINE
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This muscular force curve reveals the true muscular exertions as they occurred
in the actual movement from start to finish (dynamic conditions.)
Computerized Biomechanical Analysis is the only scientific research method
capable of providing the actual dynamic muscular force curves.

CONCLUSION

The Nautilus Pullover Machine FAILS to provide adequate
resistance intensity. It may be possible to achieve the
same limited conditioning benefits with a less elaborate
and less expensive, conventional barbell.
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A SCIENTIFIC ANALYSIS

THE NAUTILUS
LEG CURL MACHINE

THE NAUTILUS
LEG CURL MACHINE

The purpose of this computerized biomechanical analysis is to determine if the Nautilus
leg curl machine provides any greater conditioning benefits than other conventional leg
curl machines.

The leg curl machine was developed primarily to strengthen the knee flexors. This group
of muscles is extremely important in all running activities. Several research studies have
concluded that the knee flexors are weaker in their muscular development than the knee
extensors which may explain why so many "hamstring pulls" occur in explosive athletic
movements.

Prior to discussing the actual computer findings, it is necessary to give a brief description
of the complexity of the knee joint and its surrounding musculature.

The knee joint is the largest and most complex synovial joint in the human body. The
knee joint is subject to injury from all types of strenuous activities, which may be due to
its location between the two longest bones in the body (the femur and tibia). Some knee
injury analyses have concluded that the instability of the knee joint results from excessive
external rotation and abduction forces that occur when in a fixed weight-bearing position.
The knee joint has been described as a hinge joint consisting of three articulations whose
surfaces are not mutually adapted to each other so that movement is not simple gliding.
The quadriceps femoris muscle is primarily responsible for the extension of the knee joint.
The four heads of this muscle pull through a common tendon and insert via the
ligamentum patella, which continues from the patella to the tuberosity of the tibia.

The knee flexors consist of several groups of muscles which have different origins and
insertions.
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The movements around the knee joint are primarily flexion, extension, and internal and
external rotation.

Considering these many complexities, it is most difficult to develop a machine capable of
accommodating the many different muscular functions.

The computerized biomechanical analysis of the Nautilus leg curl machine will again
evaluate the areas of total muscle involvement and the essential movement patterns
(accelerations). The computer outputs provide substantial evidence as to the true
effectiveness of this particular machine (see pages 45 and 46).

The following muscle force curve graph reveals that only maximum muscular efforts are
required in the initial phase of movement. After the initial phase of the movement the
muscular efforts diminish rapidly to a value of zero (0). Observing the computer output, a
negative sign (—) indicates that the machine's moving parts create adverse inertial forces
which sustain the movement instead of the muscle's driving force. This factor can also be
determined by examining the following pictures taken in the actual dynamic sequence of
the movement.

The build up of negative inertias
actually begins to rob user of
conditioning benefits at approx-
imate mid-range of the exercise.
However, these negative forces
become so great that towards the
end of the movement the machine’s
resistive arm literally accelerates
ahead and loses contact with the
user's legs. Resulting in little

or no conditioning benefits.

CONCLUSION:

The Nautilus leg curl machine fails to accommodate the biomechanical changes which
results in limited ranges of conditioning effectiveness (benefits). The machine's moving
parts create adverse inertial forces robbing the user of additional conditioning benefits. It
is possible to assume that the mechanical failures of this machine resulted from the lack of
accurately assessing the biomechanical and motion parameters.

The only effective resistance is provided in the early stage of the movement
(approximately 40% of total movement).

It may be possible to achieve the same conditioning effects on conventional leg curl
machines. At the present time, Universal is conducting scientific research necessary for
the development of the optimal leg curl machine.
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MUSCULAR FORCE CURVE FOR THE
NAUTILUS LEG CURL MACHINE
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This muscular force curve reveals the true muscular exertions as they occurred
in the actual movement from start to finish (dynamic conditions.)
Computerized Biomechanical Analysis is the only scientific research method
capable of providing the actual dynamic muscular force curves.

CONCLUSION

The Nautilus Leg Curl Machine does not provide needed
resistance intensity.

The Nautilus Leg Curl Machine only provides for minimal
conditioning benefits.

The Nautilus Leg Curl Machine’s moving mechanical parts
create adverse inertial forces (positions 7-14) which
rob the user of normally required muscular efforts.
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A SCIENTIFIC ANALYSIS

THE NAUTILUS
LEG EXTENSION MACHINE

THE NAUTILUS
LEG EXTENSION MACHINE

The purpose of a leg extension machine is to strengthen the knee extensor muscles. This
computerized biomechanical analysis will determine the success of the Nautilus leg
extension machine in performing this function.

Conclusive scientific evidence can be found in the computer output tables (see page 50)
and in the following muscular force curve.

The muscular force curve reveals that the maximum muscular involvement occurs only
from the mid range to the completion of the exercise. In the initial phase of the movement
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the resistance intensity provides for only minimal muscular efforts. The actual muscle
efforts vary from 10 to approximately 45% in this particular range of the movement.
Observing the data presented in the computer output Table #4, it is revealed that adverse
changes in the shearing forces occur. These changes may create adverse side effects
within the knee joint and possibly reduce the muscular involvement when performing that
particular phase of the exercise.

CONCLUSION:

The Nautilus leg extension machine does provide variable resistance, but the intensity
does not adjust accurately to the biomechanical changes! Nearly half of the total
movement (first half) lacks the resistance capable of insuring maximum conditioning
benefits.

Before exercising on the Nautilus leg extension machine, one should strongly consider its
inability to provide maximum conditioning effectiveness.

Presently, Universal is conducting scientific research in order to determine the exact
amount of resistance intensity necessary to accommodate the biomechanical changes and
external motion parameters.

This research will provide scientific data necessary for the development of the first leg
extension machine capable of insuring maximum, muscular efforts throughout the
complete range of movement.
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MUSCULAR FORCE CURVE FOR THE
NAUTILUS LEG EXTENSION MACHINE
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This muscular force curve reveals the true muscular exertions as they occurred
in the actual movement from start to finish (dynamic conditions.)
Computerized Biomechanical Analysis is the only scientific research method
capable of providing the actual dynamic muscular force curves.

CONCLUSION

The Nautilus Leg Extension Machine provides adequate re-
sistance intensity ONLY in the finishing ranges of movement.
Resistance intensity fails to provide for maximum condition-

ing benefits in the initial stages of the movement (positions
1thru 6).

EVALUATION OF CONDITIONING PRINCIPLES & TERMS:

The purpose of this chapter is to briefly discuss the differences between the Universal and
Nautilus training principles and their relative conditioning effectiveness.

The previous chapter provided documented evidence to support Universal's claim that to
insure superior athletic performances it is necessary to train at rapid, explosive
movements rather than slow voluntarily-controlled movements so advocated by Nautilus.
Additional information on this training principle is available in "Ballistic Training" and
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"Resistance Exercises And Muscle Fiber Typing" published in Understanding The
Scientific Bases Behind The Universal Centurion.

In addition to the "training speed” principle, there are several other Nautilus training
principles that need to be evaluated in order to fully realize the true conditioning benefits
that can be derived from their application.

Presently, negative resistance training is being advocated by Nautilus as a means of
developing superior achievements in athletic strength. The following information will
provide a realistic view of this newly, advocated method of conditioning.

NEGATIVE RESISTANCE TRAINING:

ANOTHER MISCONCEPTION IN ATHLETIC TRAINING

Negative resistance training is simply the exertion of maximum muscular efforts while
lowering a weight from the extended or ending position back to its original starting
position. The muscular activity that takes place during this reverse action is often referred
to as eccentric or lengthening contraction. In this activity, the muscle contracts while
merely returning from its shortened or fully contractile state to its normal resting length.
This is a natural muscular function that occurs when exercising; however, Nautilus is now
advocating that greater emphasis be placed on this lowering or negative phase of
movement rather than the actual lifting or positive phase of movement. Presently, there
appears to be no scientific basis that training in a negative fashion will improve the degree
of positive or FUNCTIONAL STRENGTH. Contrary to this belief, there are several
factors that should be considered before training in this manner as a means of developing
strength for athletic performances.

In previous chapters it was made clear that any resistance to a muscle may be beneficial to
increase the muscular force; however, in athletics as well as other physical activities, the
primary concern is the development of "FUNCTIONAL STRENGTH." FUNCTIONAL
STRENGTH may be defined as the force variations in a particular displacement
(direction). The ability to exert a maximum force at only one isolated joint angle has no
bearing on the efficiency of human performance.

The characteristics of athletic FUNCTIONAL STRENGTH include the ability to
instantaneously, change the degree of speed, force, direction, and intensity.

When exercising a muscle in a negative fashion, the motion or direction as well as the
speed of movement is opposite to the required (positive) motion and develops a negative
central pattern, which may be detrimental to FUNCTIONAL STRENGTH. Negative
training over a long period of time may further result in an impairment of coordination
and a reduction in athletic ballistic efficiency (speed of the movement) as well as
reductions in the biochemical activities within the muscle.

The first rule in any weight-training program should be to train the muscle in a positive
manner to insure a FUNCTIONAL STRENGTH.

The second rule in weight training is to TRAIN TO PERFORM. Every athletic activity
has its own unique muscular demands. For example, some activities may require greater
leg strength while other activities require greater arm strength. In addition, they also may
differ in the direction in which the force is required. A high jumper requires vertical leg
strength while a long jumper requires horizontal leg strength.

Due to these differences, it is essential that training routines develop FUNCTIONAL
STRENGTH in a manner, which closely simulates the desired activity.
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It would appear rather obvious that maximum athletic performances cannot be achieved
through negative training as well as training all athletes under the same training program.
The key to Universal's success has been superior resistive equipment and the ability to
provide meaningful conditioning programs specifically to a sport.

MISLEADING CONDITIONING TERMS:

Various misleading conditioning terms have recently been introduced into the field of
muscular training. The majority, of these terms, is unscientific and only cloud the field of
conditioning with meaningless terminology. The exact origin and the physiological
significance of these terms have yet to be clearly determined.

There are basic scientific principles that govern man and his movements, and it is
essential that these principles be adhered to in the development of resistive exercise
equipment. It would appear that many of these terms, such as "rotary," "pre-stretch,"
"omni-directional,” "infltonic,” "inflmetric," etc., have been used in an attempt to avoid
discussing the failure to adhere to the scientific principles which are essential for
maximum muscular development. Unfortunately, many coaches, doctors, trainers, and
athletes have been misled by these terms and have also overlooked the essential scientific
requirements for muscular development. In addition, many have assumed that the various
pieces of conditioning equipment actually possess some exclusive miraculous power. In
other educational fields such as chemistry, physics, anatomy, physiology, etc., very
seldom do new terms evolve, and yet, a vast number appear annually in the field of weight
training.

Universal has previously introduced the scientific principles governing man and his
movements and has, further, documented their success in maintaining these principles in
the development of their exclusive resistive equipment.

In order to recognize the true insignificance of many of these new conditioning terms, it is
necessary to examine several of them and their mysterious muscular implications.
Recently, Nautilus has publicized the word "rotary" as being an exclusive Nautilus feature
and an essential requirement in muscular development.

The human body while in motion naturally exhibits rotary motions, as well as the ability
to move in translatory, linear, or curvilinear motion. Rotary, or angular motions, is
characterized by movement about an axis, with all parts of the object moving in an arc,
like the movement of the spoke of a wheel. The design in the human body is capable is
producing only rotary movements around a fixed joint. In moving two segments
simultaneously it is apparent that the motion is translatory; however, the motion is
actually rotary movement around two simultaneous joints. Due to the fact that the human
body naturally moves in rotary motions, there is no need to develop an exercise machine
that may visually appear to move in a rotary fashion. The relative design of the machine is
not capable of changing a natural bodily function as in the case of rotary movements. The
majority of exercise equipment requires human movement to occur in a rotary fashion.
Therefore, the term "rotary" is not a new or significant factor in conditioning.

Another conditioning term frequently used by Nautilus is the word "pre-stretch."
Unfortunately, the word "pre-stretch™ has not been clearly defined and, therefore, it is
difficult to determine its actual conditioning significance. By observing the Nautilus
equipment, it may be possible to assume that this word refers to the actual exercise
starting position as dictated by each individual machine. Some of the machines require a
lower starting position than other conventional exercise equipment.
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It is important to understand that the effect of pre-stretching a muscle can either be
inhibitory or excitatory. In the case of Nautilus, the stretching force is exerted by the
actual resistance provided by the lifting arms and cams. In these lower starting positions
the muscle may suffer harm if it is stretched in excess of its physiological limitations. In
addition, even though the muscle is elastic in nature, it may be over stretched and not
capable of recoiling from its extended length. In a previous chapter, documented evidence
was given to support the fact that the relative length of a muscle may only slightly
influence the magnitude of the contractile force.

This recently documented discovery opposes the previous muscle tension length theory
which indicated that the greater the initial length of a muscle the greater the muscular
force capability. In general, the optimal length of a muscle is close to the muscle's
maximum body length. This is approximately 1.2 to 1.3 times a muscle's resting length. It
is possible to cause muscle injury when exercising a muscle from a starting position that
exceeds this physiological limitation, particularly if the individual has not sufficiently
warmed up and is lacking in needed flexibility.

Another possible interpretation of the word "pre-stretch” has been known for years in the
earlier feedback theory based on the stretch reflex. This is a more sophisticated concept
which involves an understanding of the neuromuscular basis for stretch reflexes; however,
the stretch reflex concept occurs naturally in all human movement and it is not dependent
upon any particular design of conditioning apparatus.

At the present time, there is a need for greater scientific understanding regarding the
various exercise starting positions. It is important that individuals move with caution
when considering pre-stretching muscles past their physiological limitations until such
time as well-documented research findings can substantiate this unnatural occurrence.
Examining these two more frequently used terms, it is possible to assume that the other
less used and described terms, such as "omni-directional,” "infltonic," and "inflmetric,”
provide no significant contribution to the field of conditioning or to the relative design of
conditioning equipment.

Furthermore, when describing the benefits derived from various conditioning machines,
all attempts should be made to resort to only scientific terms based on scientific principles
and not mystical terminology that has no significant bearing on the final conditioning
outcome.

FAILURES TO AVOID IN EQUIPMENT DESIGN:

In weight training, the ultimate objective is for the muscle to function at maximum force
throughout the range of movement.

To accomplish this objective, it is necessary to assess man's biomechanical changes and
then develop a resistance intensity that will accommodate those changes. The variations in
resistance intensity must be precisely incorporated into a variable resistance lifting
mechanism. It is likewise essential that the overall machine design and operation do not
adversely affect the performance of this mechanism.

To prevent machine design failures and operational failures, it is necessary to understand
the relative effects of inertia. Inertial forces affect the motion and the magnitude of the
muscle's involvement. The smaller the inertial force produced by the machine's moving
parts, the greater the muscular involvement. In order to maintain small inertia forces, it is
important to retain proper mechanical balances in the lifting ratios and in the relative
distribution of all moving parts. These two factors cannot be ignored in optimum
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equipment design. Only Universal has provided conclusive scientific data to support their
success in building the optimum conditioning machines.

In addition, only Universal has provided conclusive scientific findings on Nautilus
equipment. The following information and illustrations will further emphasize the
Nautilus mechanical failures and their related effect on conditioning performances.

——

THE NATURAL LIFTING RATIO

Lifting Force Resistance Force ; @ Distance
[100] [100] Dist RS T Traveled |
iStancOSENRIE = = Cai = S e e ‘
4 ft. /\ 4 ft. Traveled 1 ft. @
Ratio 1 to 1 Equal acceleration in both forces.

This seesaw illustrates a natural 1 to 1 lifting ratio.
The resistive force equals the lifting force under static conditions.
Under dynamic conditions, the inertia forces are equally balanced.

EVOLUTION IN EQUIPMENT DESIGN
Phase 1 — Milo the Greek

Resistance Milo used the most primitive form of resistive conditioning
RO o 3 by lifting a growing calf. Unknowingly, the pattern of
............ < resistive conditioning was performed at a natural ratio

i .ll.irf;icg Force of 1 to 1. Both lifting force (Milo) and resistive force

(calf) maintained equal velocities, accelerations, and .
displacement (distance).

: Phase 2 — The Barbell
Eventually resistive conditioning progressed to adjustable
o barbells as a more accurate and simpler way of selecting
t‘f::?s Force resistance. The pattern of lifting was performed at the
R:sistance natural ratio of 1 to 1 with all motion parameters remain-
Force ~ing equal.

Phase 3 — Structured Equipment
The advent of structured resistive equipment provided the
e forces : first means of controlling movement. Though unstable
v are equally positioning and exercise discomfort occurred, the pattern

balanced of lifting was again performed at the natural ratio of
1to1.

Phase 4 — Universal

= tDisiance Universal, recognizing the importance of maintaining this

gyl Traveled 1 ft. natural established lifting ratio of 1 to 1, developed a
more comfortable, safer, and effective means of condition-
ing. Universal further recognized the importance of

Distance minimizing the adverse inertial forces by utilizing

Traveled 1 ft. ; light weight construction of all moving parts.

Muscular Force Curve — Conventional Leg Press (Phases 1-4)

00
E“’ 85% :
o In the conditioning phases 1 through 4, the natural lifting ratio
s"’ of 1 to 1 is maintained, however, the resistance intensity fails
o =1 ONLY. to adequately accommodate the biomechanical changes. Therefore,
g” Universal | maximum muscular efforts occur only in limited ranges of mo t,
“ ADDS this
S!ﬂ much more
P workout NOW, Universal’s Variable Resistance System
g" St insures maximum conditioning benefits in the
o, lata full tlean nmma RAL
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THE NAUTILUS FAILURES

The regression phase in equipment design

Example: Leg Press Machine
Failure #1 — Heavy Moving Mass

Extremely heavy and numerous mechanical
components (cam, chains, sprockets, i.e. all
moving parts) create excessively high moments
of inertia. This ADVERSE inertia force
Heavy becomes the dominant driving force, ROBBING
moving mass the user of “NORMAL" exercise benefits
shown in red. (the flywheel effect).

Cam Profile

Failure #2 — Cam Profile

The Nautilus cam profile (variable resistance
mechanism) FAILS to provide sufficient resist-
ance intensity to accommodate the biome¢hanical
changes.

Failure #3 — Ratio Disadvantage

The lifting ratio is approximately 1 to 3,
(depending upon cam position. This ADVERSE

sl

Conditionin: 3 > ags
__ Failure g change in lifting ratio (natural 1:1) amplifies
occurs as the already excessive inertial forces. The

resistance force faster the lifting speed the greater the inertial
(weights) travels

: forces. This failure limits conditioning benefits
3 times farther
and faster than (muscular efforts) to greatly reduced ranges of
the lifting force. movement. Also, the unnatural lifting ratio
distorts the normal 10 Ib. weight selection
to an impractical 75 Ib. increment, which
further limits training to sub-maximal loads.

o

Muscular Force Curve — Nautilus Leg Press

=
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Jioo}+ [ioq]
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2{;./\ 6 ft.= (1:3)
Traveled 3 ft.

Distance o g X = — — — = = —— =

Traveled 1 ft. @

85%

Mechonical Failures
cause user to merely
*'coast” through
intended resist-
once zone.

This major portion of
the exercise movement
foils to provide adequat
resistance intensity.

o muscle exertion (axarcse eftency)
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The seesaw illustrates the unnatural lifting L R TR R P A R
ratio of 1 to 3. The lifting force is 3 times
greater than the resistive force. However,

the resistive force is moving 3 times faster
than the lifting force. This results in adverse
inertial forces. The user only starts the lift

then the mass becomes a ‘“‘runaway"’, offering
the user practically NO resistance.

The initial inaccuracies in the Nautilus Cam Profile
are further increased by the failures 1 and 3. These
combined failures grossly reduce the resistance inten-
sity necessary to accommodate the biomechanical
changes and restrict maximum muscular efforts to
limited ranges of movement (less than 30% of

total movement).

THE UNIVERSAL PROGRESSIVE, DYNAMIC VARIABLE RESISTANCE is the
greatest technological advancement in resistive equipment.

Only Universal has been able to accurately determine man's complete resistive needs, and
successfully employ them into a failure-proof lifting system. The natural lifting ratio is
maintained while the resistive intensity instantaneously adjusts to accommodate the
mechanical changes.

This results in maximum muscular efforts throughout the entire range in motion.

These Results: ONLY POSSIBLE WITH UNIVERSAL.
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Variable Resistance Lifting Mechanism (Failure Proof]
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Calibrated to the national mean averages in lift
ing stroke, has the facility for any size user to
easily adjust his starting position, to insure
necessary increases in resistance occurring
exactly and precisely when needed.

Lifting Force
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FINAL CONCLUSION:

This comprehensive study reveals Universal's unequaled technological capabilities in the
field of physical exercise equipment and conditioning. Universal is the first to provide
conclusive scientific facts to support the reliability and accuracy of their new resistive
system.

Thorough examination of both Universal and Nautilus Computerized Biomechanical test
results clearly substantiate Universal's superiority in all of the major conditioning
requirements.

This scientific investigation further reveals the tremendous technological responsibility
required in both research and engineering necessary for the development of new and
better methods of conditioning. Universal has successfully remained purely scientific in
their development of a new conditioning system capable of producing superior muscular
achievements.

When all these conclusive facts are digested, the basic appeal of Universal lies in the
uncompromising dedication and the unbeatable technical know-how provided by
Universal's research staff. As a result of Universal's supreme efforts, millions of athletes
will witness impressive new achievements in both muscular development and
performance.

It is the obligation of the coach, trainer, educator, or buyer to consider all of these
important facts before purchasing any resistive equipment.
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